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BACKGROUND FOR STUDY 
2a 
INTRODUCTION 
To combat crown-rust epidemics on oats (Avena sativa L.), a series 
of nearly isogenic lines has been developed and these have been com­
posited in certain component percentages to form early and midseason 
multiline cultivars (Frey and Browning, 1971; Frey, Browning, and Grinde-
land, 1971a, 1971b). Each isogenic line (isoline) was formed by back-
crossing a certain crown-rust resistance allele from a donor parent 
into an early or midseason recurrent parent. After backcrossing was 
completed, all isolines in each background were selected to be pheno-
typically similar to their respective recurrent parents. Most isolines 
represented bulked progenies of BC^Fg plants. Despite visual selection 
for phenotypic conformity to the recurrent parents in the selfing genera­
tions, when tested for grain yield in a series of rust-free environ­
ments, some isolines exhibited significant deviations from the recur­
rent parent in grain yielding ability. Apparently in these instances, 
during backcrossing one or several "yield" genes closely linked to the 
crown-rust reaction locus of the donor parent were added to the re­
current parent background. 
The existence of significant "isoline vs recurrent parent" yield 
differences was the basis of this study. I have attempted to delineate 
physiological and morphological causes for these yield differences. 
To fulfill this objective, I measured a variety of physiological and 
morphological characters purported to influence grain yielding ability. 
2b 
and related them to grain yielding ability. Results will be presented 
in three sections: 1) yield component experiments; 2) flag-leaf phys­
iological experiments; and 3) growth-analysis experiments. 
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BACKGROUND FOR STUDY 
Description of Genotypes 
The genetic materials for this study were formed by backcrossing 
crown-rust resistance alleles from four oat lines (sources) into an 
early (C.I. 8044) and a midseason recurrent parent (C.I. 7555). C.I. 
8044 was selected from the cross 'Clintland' by 'Garry-5', as Iowa 
accession 'C237-89III'. C.I. 7555 was selected from the backcross 
'Hajira' x 'Banner' 2 x 'Victoria' 3 x 'Victory' 4 x Hajira 4 x 'Rox-
O 
ton' 5 X 'Clintland', as Iowa accession "C649'. Both recurrent parents 
were well-adapted and agronomically desirable for the Corn Belt (Frey 
and Browning, 1971), but they lacked alleles for resistance to new 
races of oat crown rust (Fuccinia coronata Cda. avenae Frazier and Led.). 
The four sources of crown-rust resistance, all poorly adapted to 
Corn Belt conditions, were: a) C.I. 8079, an Avena sterilis L. line 
from Israel that is resistant to five prevalent crown rust races 
(Simons et al., 1962); b) C.I. 7232, a synthetic tetraploid from the F^ 
of C.D. 4559 (A. abyssinica Hochst.) x C.D. 3820 (Avena strigosa Schreb.) 
treated with colchicine (Zillinsky et al., 1959); c) C.I. 7171, an 
Avena sativa L. line from Argentina that carries a gene for adult plant 
resistance to many crown-rust races (Theis et al-, 1961); and d) C.I. 
7146, an A. sativa line from Brazil. Each source of crown-rust re­
sistance was backcrossed into both recurrent parents, so two isolines 
per resistance source were available. With one exception, the isolines 
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represent bulked progenies from BC^F^ plants that were phenotypically 
similar to the recurrent parent. The specific series of crosses that 
were made to form each isoline are as follows: 
1) C.I. 8079 was the donor parent for X434II (early maturity) 
and X270I (midseason). 
X434II = Clintland X 'Garry' 2 x C.I. 8079 3 x ^ C.I. 8044 
X270I = C.I. 7555^ x C.I. 8079 
2) C.I. 7171 was the donor parent for X541 (early) and X447 
(midseason). 
4 
X541 = C.I. 7171 X C.I. 7154 2 x 'Bonkee' 2 x C.I. 8044 
X447 = C.I. 7171 X C.I. 7154 2 x Bonkee 3 - I. 7555 
3) X550I (early) and X117 (midseason) and C.I. 7232 as a 
donor parent. 
X550I = C.I. 8044^ x B312 
X117 = C.I. 7232 X 'Burnett' 2 x Clintland 3 x 'Cherokee' 
4 X Clintland 5 x ^C.I. 7555 
Through the BC^gF^ generation all X117 type plants with 
the desired resistance gene (Saia) had black to brown 
seed color (Frey and Browning, 1971), but one BC^gF^ plant 
combined the C.I. 7232 crown rust resistance and yellow 
seed trait. X117 is the bulk progeny from this plant. 
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4) X469II and X423 received crown-rust resistance genes from 
C.I. 7146. 
X469II = C.I. 8044^ x Ascencao (V) 
X423 = C.I. 7555^ x Ascencao 
Grain yields from 18 environments rust-free in a 4-year period 
showed that a majority of these isolines deviated significantly from 
their respective recurrent parents for this trait (Table 1). The two 
isolines with C.I. 8079 as a donor parent yielded significantly more 
grain than their respective recurrent parents, whereas the two iso­
lines with C.I. 7232 as a donor parent yielded significantly less. 
The other two sources of resistance, C.I. 7171 and C.I. 7146, exhibited 
contrasting effects on grain yield in the different backgrounds. C.I. 
7171 caused a 7.7% increase in grain yield in the early background 
(X541), but the midseason isoline (X447) from the same donor did not 
exhibit a significant yield deviation from its recurrent parent. The 
situation involving C.I. 7146 was reversed: In the early background 
it was associated with little or no increase in yield, while in the 
midseason background it was associated with a 7.4% increase (X423). 
Yield Trials 
I conducted trials to provide additional yield data (Table 2). 
In each experiment six replicates were sown in a randomized complete 
block design, and plots were sprayed weekly with maneb (manganese 
and zinc ethylene bisdithiocarbamate) between anthesis and maturity to 
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Table 1. Maturities, donor parents, sources of crown rust resistance, 
and percentage yield deviations for the isolines. 
Donor Crown rust Percentage 
Line Maturity parent resistance gene yield difference 
from the recurrent 
parent^ 
C.I. 8044 Early 
X434II Early C.I. 8079 Wahl 8 +8.3* 
X541 Early C.I. 7171 P.I. 185783 +7.7* 
X550I Early C.I. 7232 Saia — 9.8* 
X469II Early C.I. 7146 Ascencao +1.2 
C.I. 7555 Midseason 
X270I Midseason C.I. 8079 Wahl 8 +6.9* 
X447 Midseason C.I. 7171 P.I. 185783 +0.8 
X117 Midseason C.I. 7232 Saia -9.6* 
X423 Midseason C.I. 7146 Ascencao +7.4* 
^Percentage yield differences are from Frey and Browning (1971). 
*Significantly different from the recurrent parent at the 5% 
level. 
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Table 2. Grain yield means (g/plot) for individual experiments grown 
in 1970-73 and across all experiments. 
Line 
Sutherland 
1970 
(Expt 71) 
Kanawha 
1970 
(Expt 72) 
Kanawha 
1970 
(Expt 73) 
Independence 
1970 
(Expt 74) 
C.I, 8044 558 276 598 605 
X434II 602 332* 625 643 
X541 592 272 611 633 
X550I 516 253 514** 549* 
X469II 558 278 593 593 
LSD (.05) 74.0 42.6 45.8 44.3 
CV (%) 10.87 12.52 6.47 6.08 
C.I. 7555 594 295 642 675 
X270I 627 323 634 689 
X447 622 313 687* 670 
X117 580 283 609 623 
X423 626 320 646 657 
LSD (.05) 49.1 40.2 39.5 70.4 
CV (%) 6.69 10.88 5.10 8.82 
^Percentage deviation of the isoline mean yield from the recurrent 
parent. 
*Significantly different from the recurrent parent at the 5% 
level. 
**Significantly different from the recurrent parent at the 1% 
level. 
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Table 2 (Continued) 
Ames 
1970 
(Expt 75) 
Kanawha 
1972 
(Expt 8) 
Ames 
1973 
(Expt 20) Mean 
545 527 473 512 
591* 567 514* 553** (+8.2)* 
595* 575 479 537** (+4.9) 
470** 457* 405** 452** (-11.7) 
577 522 489 516 (+0.8) 
38.8 53.7 29.2 17.2 
5.80 8.42 5.13 7.87 
596 564 540 558 
626* 591 556 578** (+3.5) 
620 555 566 576** (+3.2) 
570 553 505 532** (-4.7) 
662** 619* 547 583** (+4.4) 
28.3 43.2 36.8 16.5 
3.82 6.23 5.63 6.70 
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control crown rust. A plot was 2.4 m long and four rows wide with a 
30-cm spacing between rows. The middle two rows of a plot were har­
vested to measure grain yield. All trials were grown in highly-fertile 
soil except Experiment 72, which was grown in a low-fertility site at 
Kanawha, Iowa. Except for X447, the percentages of difference in grain 
yield between isolines and recurrent parents were similar to those 
shown by Frey and Browning (Table 1). My results showed X447 yielded 
significantly more than its recurrent parent, while their results 
showed it did not. 
10 
YIELD COMPONENT EXPERIMENTS 
11 
INTRODUCTION 
Probably the most direct approach to determining why grain yield 
differences exist among strains of crop species is through the primary 
components of yield. Yield-component data should reveal the pathways 
that enable one strain to yield more or less grain than another. The 
three primary yield components of oats, on a per-plant basis, are, in 
order of development, number of panicles per plant, number of spike-
lets per panicle, and average weight per seed. Grain yield is the 
multiplicative product of these three components (Grafius, 1956). 
My objective in this section was to determine whether grain-yield 
differences that occurred between isolines and their recurrent parent 
could be explained via primary yield components. Additionally, weight 
per 100-primary seeds was measured to determine whether genetic dif­
ferences existed among the lines in ability to partition photosynthates 
to primary, secondary, and tertiary seeds. 
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REVIEW OF LITERATURE 
One of the first attempts to analyze grain yield in cereals in 
terms of components was done by Engledow and his colleagues at Cam­
bridge, England in the early 1920's. Working with wheat, they intended 
to produce higher-yielding cultivars by hybridizing parents selected 
on the basis of desirable yield-component expressions to accumulate an 
optimum combination of yield-component levels into one genotype. How­
ever, they failed to achieve expected increases because of negative 
correlations among the yield components. 
Many yield-component studies have stressed the importance of 
tillering ability^ in small grains. Thorne (1966) argued for increasing 
ear number to increase grain yield in cereals because the capacities 
for photosynthetic production (source) and storage (sink) were both 
increased. Watson et al. (1958) observed that Proctor and Herta bar­
leys yielded more than Plumage Archer because they produced more ears 
per acre. A similar association was noted by Kirby (1967) for four 
barley cultivars, and Cannell (1969) concluded this to be the general 
case for European cultivars. According to Bell (1937), Hunter (1938), 
Watson et al. (1963) and Thorne (1966), high- and low-yielding barley 
cultivars initiated similar numbers of tillers, but a higher proportion 
of these tillers survived to produce harvestable ears in high-yielding 
^Tillering ability used herein refers to the ability of a cultivar 
to produce mature, harvestable spikes or panicles. 
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strains. American cultivars exhibit this same phenomenon. Bonnett 
and Woodworth (1931) analyzed grain yield of three barley cultivars and 
noted that yield was closely associated with number of spikes per plant 
and average grain weight, and Rasmusson and Cannell (1970), working with 
barley in the and F^, observed that spike number was consistently 
associated with yield. Grafius and Okoli (1974), from an analysis of 
yield components on F^ spaced plants from an 8 x 8 barley diallel, re­
commended selection and/or introgression to retain kernel weight at an 
economically desirable level with selection pressure for increased 
spikes per plant and spike size to improve yield. One contrary in­
stance was reported by Carleton and Foote (1968), who evaluated 12 
hybrids between two- and six-rowed barley cutlivars in the greenhouse. 
From a path coefficient analysis, they concluded that number of kernels 
per spike had the largest effect on grain yield. 
Reports on the relationship beween yield and number of fertile 
heads per plant in wheat, and especially in oats, are controversial. 
From samples of wheat collected from farmers' fields in the Great Plains, 
Quisenberry (1928) found spikes per unit area to be the most important 
component determining yield. Number of kernels per spike showed con­
siderable association with yield, but 1000-kernel weight was not asso­
ciated with it. Hayes et al. (1927) reported that plumpness of grain 
(synonymous with weight per grain) was highly associated with grain 
yield of several winter and spring wheats. Engledow and Ramiah (1930) 
stressed the importance of earliness of tillering and tillering capacity 
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as important indices of yielding ability of wheat cultivars grown 
under high fertility, but under less favorable conditions, Frankel 
(1935) recognized ear survival rather than tillering capacity as the 
important index. 
More recently, Whitehouse et al. (1958), studying the behavior of 
19 high-yielding cultivars of spring wheat under varying environmental 
conditions, found that yield was significantly and positively associated 
with number of spikes per plant and weight per grain, and negatively 
correlated with number of kernels per spike. Fonseca and Patterson 
(1968), using data on yield components and grain yield from a seven-
parent diallel of winter wheat, found that number of spikes had the 
highest correlation with yield, kernels per spike was lowest, and kernel 
weight was intermediate. Paroda and Joshi (1970), in a study involving 
6 parental, 15 F^, and 15 F^ wheat populations grown as spaced plants, 
reported that number of ears per plant and grains per ear had high 
phenotypic but low genotypic correlations with grain yield per plant: 
1000-grain weight and weight per ear showed consistently high pheno­
typic and genotypic correlations with yield in all generations. They 
recommended selecting for the latter components while compensating for 
ears per plant by increasing the plant population per unit area. However, 
in another study, Paroda et al. (1974) concluded that both number of 
ears per plant and yield per ear contributed equally to yield. 
Bunting and Drennan (1966) stated that the main determinant of yield 
in wheat is grain weight per ear, which is positively correlated with 
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grain size in winter and grain number in spring cultivars. Several 
comparisons of old and new cultivars made by Watson et al. (1963) and 
Stoy (1965) have confirmed that grain weight per ear is a major deter­
minant of yield. However, this trend was not evident in four New 
Zealand wheats (Langer, 1965). In a study of 10 Australian wheat 
cultivars. Smith (1936) concluded that size of grain was of primary 
importance for high yield. Bridgeford and Hayes (1931) found that 
yield was correlated with grain size in spring wheat, and Hayes et al. 
(1927) found that plumpness of seed was associated with yield for both 
winter and spring wheats. Waldron (1929), studying wheat cultivars in 
North Dakota, reported that number of spikes and plants per square yard 
were not significantly correlated with grain yield, whereas kernels 
per spike and weight per 100 kernels were. Borojevic and Cupina (1969) 
have reported genetic gains in yield via selection for number of grains 
per spike and kernel weight. 
Yield component literature on oats is not as extensive as that of 
wheat and barley, nor is it as conclusive. In a study of 20 oat culti­
vars grown as spaced plants. Fore and Woodworth (1933) noted that low 
yield per panicle prevented Kanota and Richland from producing high 
yields per plant. Stephens (1942) concluded that tillering did not 
have an appreciable effect on yield of oats, whereas important indices 
were average grain weight and spikelets per panicle. He also observed 
that Improvement in yielding ability of spring oats in Britain was 
accompanied by reduced tillering ability. 
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Reports from Canada also place minimal importance on tillering 
as a criterion of yielding ability. Guitard, Newman, and Hoyt (1961) 
have proposed seeding oats sufficiently heavy to eliminate tillering 
and using cultivars with a large number of kernels per head and high 
1000-kernel weight. Stoskopf and Reinbergs (1966) observed that cereals 
seeded at normal rates produce only one productive tiller per plant. 
In their study, grain number per head was a more reliable component 
for describing yield than was tillers per plant. 
Immer and Stevenson (1928), testing over 250 strains of oats from 
several hybrid populations, found that plumpness of grain was closely 
associated with grain yield. Frey (1962) found significant, positive 
correlations between 100-seed weight and grain yield among segregates 
from four of six oat crosses, but in the other two, the degree of co­
variation was small. He concluded that seed weight was of little value, 
in selecting for grain yield. More recently, Frey and Huang (1969), 
using a polynomial regression analysis of grain yield on seed weight 
in seven populations, concluded that both low and high seed weights 
were associated with low grain yield of oats. 
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METHODS 
Field Experiments 
The yield-component experiments were conducted in five environments 
(Table 3). Eight oat isolines were used in each experiment: four early, 
C.I. 8044, X434II, X541 and X550I, and four midsaason, C.I. 7555, 
X270I, X447 and X117. Five yield-component experiments were conducted 
during the period 1970-72 (Table 3). A plot in these experiments con­
sisted of three rows 2.4 m long, and rows were 30 cm apart. I col­
lected data on yield and yield components from a 60-cm section in the 
center of the middle row of each plot. To afford uniformity of plant 
number and ease of harvesting, seeds planted in the 60-cm section were 
placed on a wire mesh screen and the screen with the seed was placed 
in the row. In 1971 and 1972, the screen plantings were simplified by 
covering the seeds on each screen with water-soluble polyethylene oxide 
tape (Lawrence et al., 1974). Preparing the screen-tape combinations 
improved the uniformity of seedling spacings and greatly reduced 
planting time. Stakes placed at both ends of a screen just prior to 
covering with soil marked the row section. Seed was sown by hand in 
the remaining 90 cm of row on each end of the 60-cm section and in the 
border rows. Sixty-two seeds were planted in each 60-cm section, and 
one week after seedling emergence the seedling number was thinned to 
60 (one seedling per cm). 
Seeds were treated with Vitavax (active ingredient is 2,3-dihydro-
18 
Table 3. Years and locations of the yield component experiments. 
Experiment No. Year Location Planting date 
76 1970 Sutherland April 17 
78 1970 Ames April 9 
50 1971 Sutherland April 12 
53 1971 Ames April 8 
12 1972 Sutherland April 11 
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5-carboxanilido-6-methyl-l,4-oxathiin) to control smut, and the plants 
were sprayed with maneb at weekly intervals from anthesis to maturity 
to control crown rust. 
To harvest a 60-cm row section, I spaded up the screen, separated 
the plants from it, and covered the panicles and stems with a paper 
bag. From each sample I determined the number of mature panicles and 
number of spikelets on all panicles. Average number of spikelets per 
panicle was determined by dividing the total number of spikelets by 
the number of panicles. After threshing, I determined weight of 100 
random and 100 primary seeds for each plot. 
All experiments were grown in randomized complete-block designs 
sown on highly fertile soil. In 1970, I sowed three replicates at 
each location, and measurements of all four characters were taken in 
all replicates. In 1971 and 1972, I planted six replicates at each 
location and measured yield and number of panicles per 60-cm plot 
section in all six, but spikelet counts and seed weights were taken on 
only three. 
Statistical Procedures 
The following statistical models were used for analyzing individual 
and combined experiments: 
Individual experiment: I... = y + R, + L. + E. 
ijk i 3 ijk 
Combined experiments: ~ ^  R(E)^j + E^ + Lj^ + 
(EL)jk + Eijkl 
20 
where R, L, and E represent replicates, lines, and environments, re­
spectively. Lines were considered fixed and replicates and environments 
were random. 
Both early and midseason isolines were included in all experiments, 
and a high proportion of the mean square among lines in each was 
attributable to variation between maturity groups. Therefore, I parti­
tioned the mean squares for lines and error in each analysis, so that 
LSD (least significant difference) and CV (coefficient of variation) 
values among early isolines and among midseason isolines could be com­
puted separately. This partitioning was especially appropriate because 
the most important statistical comparisons to be made were between the 
isolines of a group and their recurrent parent. Early and midseason 
isolines were analyzed separately in the combined analyses also. When 
experiments were combined in an analysis, the interaction mean squares 
for experiments by lines and error were pooled (Bozivich et al., 1956) 
if the ratio of interaction to error mean square was 1.50 or less. When 
mean squares were pooled, the pooled value was used to test the signi­
ficance of those for both isolines and environments, and when not pooled, 
the error mean square was used to test environments and the interaction 
mean square was used to test cultivars. 
For ease of presentation, percentage difference values were cal­
culated for each trait of each isoline as follows: 
21 
Isoline mean - Recurrent parent mean ^ 
Percent difference = 
Recurrent parent mean 
Calculated grain yields for isolines and recurrent parent were computed 
as the product of panicles per plot x spikelets per panicle x seed 
weight. 
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RESULTS 
Means, Mean Squares, LSD Values, and Coefficients of Variation 
(CV) for Individual Experiments and Experiments Combined within Years 
Means, mean squares, and CV and LSD values from the yield-component 
experiments, individually and combined, are included in Tables 32 through 
45 in the Appendix. For most trait-environment cases, a large propor­
tion of the mean square among lines was attributable to variation among 
maturity groups. 
Results of Combining Experiments 
Mean squares from the combined analysis of variance of the experi­
ments are presented in Table 4. Variation due to environmental effects 
was highly significant for all traits in both early and midseason mat­
urity groups. With the exceptions of 100-seed weight in the early group 
and panicles per plot in the midseason one, there were significant to 
highly significant mean squares among lines within maturity groups for 
all yield components. No genotype by environment mean squares were 
significant in the combined analyses. 
Means of calculated and actual grain yields and the yield compo­
nents across environments and CV and LSD values computed from the com­
bined experiments are presented in Table 5. Across environments early 
lines ranked in the same order for both calculated and actual percentage 
grain yields (Table 5). However, the actual increase in grain yield for 
X541 and the decrease for X550I were underestimated by the calculated 
Table 4. Mean squares from analyses of variance for panicles per plot, splkelets per panicle, 
100-seed weight, and 100-primary seed weight in experiments 76, 78, 50, 53, and 12. 
100-primary 
Panicles per plot Splkelets per panicle 100-seed weight seed weight 
Source Degrees of Mean Degrees of Mean Mean Mean 
of variation freedom squares freedom^ squares squares squares 
Reps/Environments 19 45.14 10 3.09 0.0186 0.0119 
Environments (Env) 4 712.75** 4 127.85** 0.1959** 0.6313** 
Lines 3 197.70* 3 34.90** 0.0136 0.1915** 
Env X Lines 12 35.43 12 1.62 0.0122 0.0239 
Error 57 20.56 30 1.74 0.0182 0.0398 
Pooled Error - 42 1.71 0.0140 0.0352 
Reps/Environments 19 31.30 10 9.19 0.0126 0.0055 
Environments (Env) 4 586.51** 4 135.83** 0.2416** 0.4702** 
Lines 3 34.09 3 21.50** 0.1529** 0.1515** 
Env X Lines 12 24.36 12 2.74 0.0144 0.0114 
Error 57 19.37 30 3.24 0.0151 0.0065 
Pooled Error 69 20.24 42 3.10 0.0149 
^Degrees of freedom for splkelets per panicle, 100-seed weight, and 100-primary floret weight. 
^Early lines. 
^Midseason lines. 
*Signifleant at the 5% level. 
**Significant at the 1% level. 
Table 5. Line means, least significant difference (LSD) values, coefficients of variation (CV), and 
calculated grain yields of the yield component traits in experiments 76, 78, 50, 53, and 12. 
Line 
Panicles 
per 
plot 
Spikelets 
per 
panicle 
100-seed 
weight 
100-primary 
seed weight 
Calculated 
grain 
yield^ 
Actual 
grain, 
yield" 
C237-89III 62.0 20.5 3.07 3.87 100.0 100.0 
X434II 65.3 (+5.4)C 21.1 (+3.1) 3.10 (+1.0) 3.75 (-3.0) 109.8 108.2 
X541 64.0 (+3.3) 19.9 (-3.0) 3.08 (+0.3) 3.99 (+3.2) 100.5 104.9 
X55GI 68.8 (+11.0) 17.6 (-14.0) 3.14 (+2.2) 3.98 (+2.8) 97.6 88.3 
LSD (.05) 3.74 0.76 0.108 0.138 
CV (%) 6.97 6.67 4.35 5.12 
C649 62.5 28.2 2.49 3.20 100.0 100.0 
X270I 65.3 (+4.4) 27.2 (-3.8) 2.44 (-1.7) 3.22 (+0.5) 98.7 103.5 
X447 63.3 (+1.2) 25.4 (-10.0) 2.66 (+6.9) 3.42 (+6.6) 97.4 103.2 
X117 63.2 (+1.0) 27.4 (-2.8) 2.45 (-1.6) 3.22 (+0.6) 96.6 95.3 
LSD (.05) 2.59 1.30 0.090 0.085 
CV (%) 6.92 6.65 4.90 2.46 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle x 
100-seed weight) from experiments 76, 78, 50, 53, and 12 are expressed as a percent of the re­
current parent. 
^Actual grain yields from Table 2 are expressed as a percent of the recurrent parent. 
c 
Percent difference between an isoline and its recurrent parent. 
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grain yield. Nevertheless, the fact that calculated and actual rankings 
were similar indicates that conclusions drawn from observing yield-compo­
nents may provide useful insight for isoline-recurrent parent grain 
yield comparisons. Actual grain yields for X270I and X447 were under­
estimated by about 5.0 percent, but still, the isoline ranking in the 
midseason group were similar for both calculated and actual relative 
grain yields. Calculated and actual grain yields of X117 were nearly 
equal. 
In general, the derived isolines (i.e., X434II, X541, and X550I) 
in the early group exhibited moderate to substantial increases in the 
production of harvestable panicles per plot and they had slightly higher 
100-seed weights than the recurrent parent, C.I. 8044. Except for 
X434II, the derived isolines exhibited reductions in spikelets per 
panicle. X434II exhibited slight to fairly substantial increases for 
the yield components used to calculate grain-yielding ability, but its 
100-primary seed weight was significantly reduced. Apparently the donor 
parent, C.I. 8079, contributed a gene or block of genes that caused a 
genetic limitation on the weight that primary florets can attain, but 
X434II seemed to effectively channel photosynthates into secondary and 
tertiary seeds to a point which overcompensated for a lower primary 
seed weight. 
X541 exhibited a moderate increase over C.I. 8044 for number of 
panicles per plot, but this increase was offset by a moderate decrease 
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in spikelets per panicle, so its calculated grain yield was only 0.5% 
above the recurrent parent. There was little difference between the 
two lines in 100-seed weight, but 100-primary seed weight was 3.2 
percent higher in X541. Thus, X541 produced heavier primary seeds, but 
lighter secondary and tertiary seeds than the recurrent parent. Be­
cause the calculated grain yields of X541 and C.I. 8044 were so close, 
yield component measurements do not aid in delineating the reason(s) for 
their difference of 4.9 percent in actual grain yield. 
Yield component deviations for line X550I were striking. In­
creases over C.I. 8044 in 100-primary seed weight and 100-seed weight 
were more than 2.0 percent, but neither was significant. The increase 
in panicles per plot was significant, however, this increase was more 
than offset by a highly significant decrease in number of spikelets per 
panicle. Even though the calculated (97.6) and actual (88.3) relative 
grain yields were not very close, probably X550I was low yielding be­
cause of its very low number of spikelets per panicle. 
The midseason derived isolines had slight to significant increases 
in panicles per plot, and moderate to highly significant decreases in 
the number of spikelets per panicle, when compared to C.I. 7555. X270I 
and X117 exhibited a moderate reduction in 100-seed weight, but both 
had a slight increase in 100-primary seed weight. The other derived 
isoline, X447, had significantly higher 100-seed and 100-primary seed 
weights. 
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Even though X270I had a significantly greater number of panicles 
per plot than did C.l. 7555, moderate decreases in spikelets per panicle 
and 100-seed weight were sufficient to cause the calculated grain yield 
to be lower than that for the recurrent parent. A highly significant 
reduction in number of spikelets per panicle for X447 more than off­
set its significant increase in 100-seed weight and small increase in 
panicles per plot with the result that its calculated grain yield was 
below that of C.I. 7555. Despite the discrepancies between the cal­
culated and actual percentage grain yields, it seems likely that the 
yield increase of X270I was attributable to its increased tillering 
ability. The yield increase of X447 probably was due to increases in 
tillering and 100-seed weight. The slight increase in panicles per 
plant exhibited by X117 was more than offset by slight to moderate 
decreases in 100-seed weight and spikelets per panicle with the result 
being a 3.4 percent lower grain yield. 
Calculated yields from Individual Experiments 
Table 6 presents the calculated grain yields from individual 
experiments expressed as percentages of the recurrent parents and 
corresponding relative values for actual yields. Except for one or two 
cases, e.g., X434 and X117, the calculated grain yields for each line 
across environments were highly variable. X434II had calculated grain 
yield consistently greater than 100 percent in all experiments. In 
contrast, the calculated yield for X541 ranged from 85.4% at Ames '70 
Table 6. Calculated isoline grain yields (expressed as a percent of the recurrent parent) 
using data from individual and combined experiments. 
Experiment 1970 1966 
Sutherland Ames Sutherland Ames Sutherland Mean through through 
Line '70 '70 '71 '71 '72 1973 1969 
C.I. 8044 
o
 
o
 
r-
i 
,0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 
X434II 111. ,7-^ 104. .6 107. 5 105. 0 116. 7 109. ,8 108. 2** 106. ,7** 
X541 100. 2 85. 4 99. 6 101. 4 108. 3 100. ,5 104. 9** 107. ,7** 
X550I 88. 8 91. 2 102. ,7 90. 9 110. 2 97. 6 88. ,3** — 
C.I. 7555 100. ,0 100. 0 100. ,0 100. ,0 100. 0 100. ,0 100. ,0 100. ,0 
X270I 99. ,6 83. ,1 104. ,2 94. ,0 110. ,6 98, .7 103. ,5** 104. 6** 
X447 94. ,6 96. ,2 92. ,7 103. ,3 101. ,6 97. ,4 103. 2** 101, .1 
X117 91. ,5 87. 0 98. ,0 101. ,9 101. 5 96. 6 95. 3** 90, .4** 
^Actual grain yields (expressed as a percent of the recurrent parent) from Table 2. 
^Actual grain yields (expressed as a percent of the recurrent parent) from yield trials 
of Frey and Browning (1971). 
*Significant at the 5% level. 
**Significant at the 1% level. 
There was no test of significance for the calculated isoline grain yields in the individual 
experiments. 
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to 108.3% at Sutherland '72. Among midseason isolines, calculated grain 
yields for X270I ranged from 83.1% at Sutherland '70 to 110.6% at Ames 
'72. 
Summary of Reasons for Yield Differences Among 
Isoline-Recurrent Parent Combinations 
Results presented in Table 5 show that differences in yield compo­
nent expressions can often account for grain yield differences among 
oat isolines. When averaged over a series of years and locations, 
X434II produced a significantly higher grain yield than its recurrent 
parent (C.I. 8044) because it produced more panicles per unit area and 
each panicle had more spikelets. Mean weight per seed was the same for 
both strains. Of course, neither increase in panicles per plant and 
spikelets per panicle was significant, but the multiplicative nature 
of their interaction caused the grain yield increase to be significant. 
X434 produced primary seeds that were substantially lighter than those 
of C.I. 8044, but it produced substantially heavier secondary and ter­
tiary florets, with the results that its average seed weight was similar 
to that of the recurrent parent. The component structure responsible 
for the greater grain yield of X541 was not obvious. If the experiment 
for Ames '70 was ignored, it appeared that the grain yield increase 
of this line was caused by increased tillering. X541 exhibited a 
tendency to produce heavier primary seeds and lighter secondary and 
tertiary ones than C.I. 8044, resulting in nearly equal 100-seed weights 
for the isoline and its recurrent parent. X550I yielded less grain than 
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Table 7. Early isoline percentage differences from the recurrent parent 
for the four yield component traits, calculated grain yield, 
and actual grain yield. 
Panicles Spikelets 
Line 
Experiment per per 
number plot panicle 
76 +1.0 +5.6 
78 +2.5 +0.6 
X434II 50 +4.7 (+5.4) +1.6 (+3.1) 
53 +6.7 +0.8 
12 +9.1 +7.0 
76 -6.1 -0.4 
78 -3.5 -10.6 
X541 50 +0.5 (+3.3) -1.4 (-3.0) 
53 +14.6* -7.4 
12 +2.8 +4.7 
76 -1.0 -14.2* 
78 +9.6* -18.7* 
X550I 50 +14.9* (+11.0*) -13.9* (-14.0*) 
53 +15.2* -17.8* 
12 +9.7 -4.1 
Percentage difference from the recurrent parent calculated from 
combined means of experiments 76, 78, 50, 53, and 12. 
^Actual grain yield percentage differences are from Table 2. 
*Significantly different from the recurrent parent at the 5% 
level. 
**Signiflcantly different from the recurrent parent at the 1% 
level. 
There was no test of significance for calculated grain yields. 
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Table 7 (Continued) 
lOO-primary Calculated Actual " 
100-seed seed grain grain 
weight weight yield^ yield^ 
+4.7 -4.0 +11.7t 
+1.4 -2.4 + 4.6 
+1.0 (+1.0) —8.4 (-3.1) + 7.4 (+9.8) +8. 2** 
-1.9 -4.0 + 1.1 
0.0 +2.9 +16.7 
+6.4 +1.0 + 0.3 
-0.9 +3.9 -14.5 
+0.4 (+0.3) +2.5 (+3.2) - 0.5 (+0.5) +4. 9** 
-4.5 +4.7 + 1.3 
+0.6 +4.0 + 8.3 
+4.6 -1.9 -11.2 
+2.3 +3.1 — 8.8 
+3.7 +5.1 (+2.8) + 2.7 (-2.4) -11. 7** 
-3.8 +1.4 - 9.1 
+4.8 +6.6 +10.3 
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Table 8. Midseason isoline percentage difference from the recurrent 
parent for the four yield component traits, calculated grain 
yield, and actual grain yield. 
Panicles Spikelets 
Experiment per per 
Line number plot panicle 
76 +7.0 -4.6 
78 -6.4 -7.9* 
X270I 50 +8.5 (+4.4)b -2.2 (-3.8) 
53 +1.9 -7.0 
12 +7.9 +1.6 
76 -2.5 -10.6* 
78 +3.2 -11.5* 
X447 50 +2.9 (+1.2) -15.6 (-10.0*) 
53 -2.8 -1.8 
12 +5.5 —8.8 
76 -3.5 -3.1 
78 -1.1 -3.9 
X117 50 +8.5 (+1.0) -5.1 (-2.8) 
53 -0.2 -1.3 
12 -1.2 -2.2 
Actual grain yield percentage differences are from Table 2. 
^Percentage difference from the recurrent parent calculated from 
combining means of experiments 76, 78, 50, 53, and 12. 
*Significantly different from the recurrent parent at the 5% 
level. 
**Significantly different from the recurrent parent at the 1% 
level. 
•j* 
There was no test of significance for calculated grain yields. 
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Table 8 (Continued) 
100-primary Calculated Actual 
100-seed seed grain grain 
weight weight yield^ yield^ 
-2.5 +1.4 -0.5 
-3.7 —0.9 -17.0 
-1.8 (-1.7) -1.5 (+0.5) +4.2 (--1.3) +4. 6** 
—0.8 +2.4 -6.0 
+0.9 +1.7 +10.6 
+8.6* +8.3* -5.3 
+5.4 +7.6* -3.7 
+6.8 (+6.9*) +7.2* (+6.6*) -7.2 (--2.6) +1. 1 
+8.2* +5.9 +3.3 
+5.6 +4.1 +1.5 
-2.2 +4.4 —8.6 
-8.5 -1.9 -13.0 
-4.8 (-1.6) -3.4 (+0.6) -2.0 (- 3.4) -4. 7** 
+3.5 +1.6 +2.0 
+5.0 +2.4 +1.5 
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C.I. 8044 because it produced significantly fewer spikelets per panicle. 
This more than offset its ability to produce significantly more tillers, 
and its increased seed weight was caused by heavier primary seeds. 
Again if the experiment at Ames '70 was ignored the increasing 
grain yield of X270I over C.I. 7555 was due to increased panicle pro­
duction (i.e., tillering). Frey and Browning (1971) indicated that 
X447 yielded slightly more (1.1%) grain than the recurrent parent, but 
my trials showed it yielded significantly more (+3.2%). My data do not 
permit a projection of which of the yield components was responsible 
for the significant yield increase I found for X447. It did exhibit 
significant increases over the recurrent parent for both 100-seed and 
100-primary seed weight. Probably, the multiplicative interaction of 
slight to moderate reductions for all three components caused the low 
yields of X117. 
Environmental Means and Maturity Group Means 
The environmental means for the yield components are presented in 
Table 9. Early and midseason isolines produced the greater number of 
panicles per plot in the Ames '70 test, whereas the number of spikelets 
per panicle was greatest in the Sutherland '70 and '71 tests. For 100-
primary seed weight, there was an interaction of environment by maturity 
grouping, but there was no environmental trend for 100-seed weight. 
With the exception of 100-primary seed weight of the early lines, the 
Sutherland '72 environment was less favorable for yield component 
Table 9. Environmental means of the four yield components for the early and mldseason lines. 
Maturity 
class Environment Year 
Panicles 
per 
plot 
Spikelets 
per 
panicle 
100-seed 
weight 
100-primary 
seed weight 
Early 
Sutherland 
Ames 
Sutherland 
Ames 
Sutherland 
1970 
1970 
1971 
1971 
1972 
64.7 
67.4 
66.9 
70.9 
56.2 
23.8 
21.4 
20.5 
15.3 
17.9 
3.22 
3.01 
2.99 
3.16 
3.02 
3.88 
3.91 
3.54 
4.00 
4.16 
Mean 63.5 19.0 3.06 3.93 
Midseason 
Sutherland 
Ames 
Sutherland 
Ames 
Sutherland 
1970 
1970 
1971 
1971 
1972 
66.5 
62.3 
59.8 
71.1 
58.9 
29.0 
27.1 
29.9 
21.4 
28.0 
2 .60 
2.55 
2.46 
2.64 
2.29 
3.25 
3.49 
3.11 
3.44 
3.04 
Mean 62.8 26.4 2.50 3.27 
^Early lines include C237-89III, X434II, X541, X550I. 
^Midseason lines include C649, X270I, X447, X117. 
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expressions than were the other environments. 
There was no difference between the early and midseason groups of 
lines in tillering, but there were highly significant differences for 
the remaining three traits. The midseason lines produced 39% more 
spikelets per panicle, but 19% lower weight per seed. Probably, the 
midseason lines produced more spikelets per panicle because they had 
a longer period for spikelet differentiation and development. 
37 
DISCUSSION 
Grain yield for small grain species is a multiplicative function 
of the three primary yield components, heads per unit area, seeds per 
head, and seed weight: thus, differences in grain yield"' .t ability 
among lines of a species should be attributable to differences in pro­
duction of yield components. The grain-yield differences between 
recurrent parents of oats and their isolines, observed by Frey and 
Browning (1971) were attributable, partially at least, to yield-compo­
nent differences found herein. Although calculated grain yields de­
viated from actual yields in a number of instances, the uniformity of 
yield component data across environments permitted me to interpret 
yield deviations of the isolines in terms of yield components reasonably 
well. 
Except for X117, isolines I used were produced by bulking BC^Fg 
progenies, so they should be nearly isogenic to the recurrent parent. 
X117, a BC^qF^ derived line, should have been even more isogenic. Log­
ically, it would seem that the yield deviation of an isoline from its 
recurrent parent would be caused by genes closely linked to the crown-
rust allele selected for in the backcrossing program used to develop 
the isolines. My data suggest that for most of the isolines, the yield 
deviations were cuased by genes that altered yield component expressions. 
The crown-rust reaction locus of C.I. 8079, the donor parent for 
line X434II, seemingly is linked to loci that affect both tillering 
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and spikelet number per panicle. When used as a donor to the midseason 
recurrent parent, C.I. 8079 again conferred a yield increase in X270I 
by increasing tillering ability but it Cc.used no change in spikelet 
numbers. According to Singh (1971), the same crown-rust resistance 
allele was backcrossed into X434II and X270I, and in both, the associa­
tion between crown-rust resistance and increased tillering ability 
remained intact throughout the backcrossing program. However, the 
association between increased number of spikelets per panicle and 
crown-rust resistance remained intact only in X434II. Therefore, it 
would appear that in backcrossing to the early recurrent parent, the 
linkage block of alleles for crown-rust resistance, increased tillering, 
and increased spikelet production remained intact, whereas during the 
backcrossing to the midseason recurrent parent a crossover occurred 
that separated the allele for increased spikelets per panicle from 
the other two. Alternatively, the linkage block of the three alleles 
may have remained intact in both backcrossing programs, with epistatic 
gene action needed for expression of the spikelet allele being possible 
in the early but not in the midseason background. 
C.I. 8079, an exotic Avena sterilis introduction from Israel, should 
have excellent potential in a backcross breeding program. By utilizing 
the crown-rust resistance allele as a marker gene, it should be possible 
to use this line to increase yielding ability in adapted oat cultivars 
by a simple backcrossing procedure. 
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The effects of C.I. 7171 on increasing grain yield in its 
derivatives, X541 and X447, were also interesting. In both isolines, 
there was a slight increase in panicle production and a reduction in 
number of spikelets per panicle. X541 showed no change in 100-seed 
weight, but X447 had heavier 100-seed and lOO-primary seed weights. 
This differential between the two isolines with a common donor source 
may. be due to selection for different crown-rust resistance alleles 
in the two lines (Singh, 1971). In both, the crown-rust resistance 
allele is linked to an allele for increased tillering, and in X447 
the crown-rust resistance allele is linked to gene(s) that reduce spike-
let numbers and increase seed weight. Whether there are alleles directly 
affecting both spikelet and seed weight involved here, or whether al­
leles primarily controlling spikelet production and indirectly in­
fluencing seed weight are involved is conjectural. Yield components 
are considered to be independently inherited (Grafius, 1964; Adams, 
1967). The sequential nature of yield-component development can cause 
component compensation, which would involve intra-plant competition for 
a limited amount of metabolic substrate. If a plant of X447 produces 
a limited quantity of substrate, and the genetic message prevents forma­
tion of a large number of spikelets, more substrate would remain to form 
heavy seeds. This implies indirect genetic control of weight per seed, 
a theory advanced by Grafius and Thomas (1971). Perhaps the genets) con­
tributed by the donor parent would influence the timing of the develop­
mental sequence so that one or several alleles would cause an early 
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switch from spikelet initiation and/or differentiation to the formation 
of large seeds. This would imply a pleiotropic effect. Alternatively, 
C.I. 7171 may carry a repulsion-phase linkage of alleles controlling the 
two components at loci adjacent to the rust-reaction locus. 
Singh (1971) also reported that different crown-rust resistance 
alleles from C.I. 7232 were present in X550I and X117. The crown-rust 
resistance allele from C.I. 7232 is associated with a grain-yield de­
crease in X550I. This line showed an associated substantial increase 
in tiller production and decrease in number of spikelets per panicle, 
whereas the rust resistance allele in X117 seems to be associated with 
factors that reduce all three components. Cytogenetic analyses by 
Dherawattana and Sadanaga (1973) have shown that X117 contains an 
extra pair of very small chromosomes and that the crown-rust reaction 
locus from C.I. 7232 is located on this fragment. Whether the poor 
yield-component performance of X117 was due to hyperploidy or to 
alleles on the extra chromosome has not been determined. 
There were discrepancies, sometimes very large, between calculated 
and actual grain yields. This may have been due to the relative pre­
cisions of estimates for grain yield and for yield components. Grain 
yield was measured on six replicates in each of seven environments, 
whereas panicles-per-plant was measured on three replicates in two 
environments and on six replicates in three environments. Spikelets-
per-panicle, 100-seed weight, and 100-primary seed weight were measured 
on three replicates for each of the five environments only. Had yield 
41 
components been measured in as many replicates and sites as grain 
yields, differences between calculated and actual grain yield per­
centages may well have been smaller. 
As indicated earlier, results from this study on yield components 
can be applied to backcross breeding for quantitatively inherited 
traits. Even though yield components are quantitatively inherited and 
tend to have low.heritabilities, crosses based on yield-component 
expressions can be successful. Lawrence (1974) successfully back-
crossed complexly inherited traits as well as simply inherited traits 
from exotic sources of germplasm into adapted cultivars, and Coffman 
and Stevens (1937) observed that tillering ability in oats was trans­
mitted in crosses. Crosses to improve seed weight levels should be 
useful because seed weight in small grains is controlled by relatively 
few genes (Paroda and Joshi, 1970; Knott and Talukdar, 1971; Sharma 
and Knott, 1964). Knott and Talukdar (1971) backcrossed high seed 
weight from 'Selkirk' into 'Thatcher' spring wheat and recovered That-
cher-backcross lines with high seed weight that out-yielded Thatcher. 
Although they used small populations, lines having the full seed weight 
of Selkirk were readily recovered. 
In addition to utilizing the marker gene-yield component combina­
tions of the donor parents in backcrossing programs, the isolines them­
selves should be useful as parents in hybridization programs. Jondle 
(1974) crossed X434 onto three adapted cultivars and produced yield 
increases in all three. 
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FLAG LEAF PHYSIOLOGICAL EXPERIMENTS 
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INTRODUCTION 
Data presented in the previous section showed that differences in 
grain-yielding ability between oat isolines and their recurrent parents 
were attributable to differences -in expressions of the yield components. 
Ultimately, however, to produce grain-yield differences through differing 
yield-component expression, the isolines and recurrent parent would need 
to differ in some physiological and/or morphological aspect(s) of leaf 
and culm growth. Plants that produce more grain per unit area must 
be either more photosynthetically efficient, or the area, orientation, 
and duration of activity of their light-intercepting tissues must 
channel more products of photosynthesis into grain production. Re­
gardless of how high yields are obtained, photosynthesis obviously is 
a major component of yield production. For example, those crop species 
which produce the greatest yields per unit area (corn and sugar cane) 
also exhibit the highest rates of photosynthesis. 
Several studies with small grains have stressed the importance of 
photosynthetic area above the flag leaf node in contributing photo-
synthates to developing seeds. Estimates of the contribution from 
photosynthesis above the flag-leaf node to grain yield range from 60 
to 85 percent (Carr and Wardlaw, 1965; Drennan and Krishnamurthy, 
1964; Stoy, 1965; Thome, 1965; Voldeng and Simpson, 1967). Jennings 
and Shibles (1968) showed that photosynthates from oat flag leaves 
contribute little to grain yield, but it is well established that 
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photosynthates from small grain flag leaves feed almost entirely to 
the grain, whereas lower leaves supply photosynthates to the base and 
roots of the plant (Carr and Wardlaw, 1965; Asada et al., 1960; 
Ouinlan and Sagar, 1964; Lupton, 1968). 
This portion of my study was designed to determine whether differences 
between the isolines and recurrent parents in flag leaf photosynthetic 
rates and other related traits were responsible for the grain-yield 
differences observed among lines. 
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REVIEW OF LITERATURE 
In recent years, a number of researchers have tested for cultivar 
differences in photosynthetic rates of leaves of small grain plants. 
Criswell and Shibles (1971), using 20 oat (Avena spp.) cultivars dif­
fering in ploidy level, species, area of adaptation, and productivity, 
measured flag leaves for net COg exchange rate, transpiration rate, 
specific leaf (dry) weight, photosynthesis-to-transpiration ratio, and 
total resistance to COg diffusion and its component resistances -
laminar resistance, stomatal resistance, and mesophyll (residual) 
resistance. Significant genetic variation was present among the geno­
types for all traits. A major portion of the photosynthetic variation 
between genotypes was attributed to difference in mesophyll resistance, 
but stomatal resistances were important also. Specific leaf (dry) 
weight was significantly (+0.75** and +0.58**) correlated with net 
photosynthetic rate, thus suggesting the former as a possible selection 
trait for increased photosynthetic efficiency. However, genotypic 
differences in net photosynthetic rate were not associated with dif­
ferences in grain-yielding ability. 
Two other pertinent papers have been published on oats. In a 
greenhouse experiment, Lawes and Treharne (1971) investigated the 
variation in photosynthetic activity in seedling and flag leaves of 14 
oat cultivars. They found a positive (0.52), nonsignificant, correla­
tion between flag leaf photosynthesis and grain yield. Interestingly, 
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the two newest cultivars had significantly higher rates of flag-leaf 
photosynthesis than the two oldest ones, but photosynthetic rates of 
seedling leaves did not differ among genotypes. In the greenhouse, 
Anderson and Read (1966) showed that the higher yielding cultivar 
Victory used water more efficiently than the lower yielding Ajax. 
Several Japanese researchers have reported cultivar differences 
in net photosynthetic rate and related leaf characters of wheat. Khan 
and Tsunoda (1970a), using single attached leaves of six wheat cultivars 
from West Pakistan, found that Mexi-Pak, a semi-dwarf that produced the 
highest yields when heavily fertilized and properly irrigated, showed 
higher photosynthetic and transpiration rates per unit leaf area than 
did older cultivars. Photosynthetic rate was significantly and positively 
correlated with transpiration rate and specific leaf weight. Similar 
associations between net photosynthetic rate, transpiration rate, and 
specific leaf weight were observed in a companion study on 20 strains 
from several species of Triticum and Aegilops (Khan and Tsunoda, 19704). 
Positive associations between net photosynthetic rate and specific 
leaf weight have been reported for alfalfa (Pearce et al., 1969; Wolf 
and Blaser, 1971), rice (Murata, 1961) and soybeans (Ojima and Ka-
washima, 1968; Dornhoff and Shibles, 1970; and Beuerlein and Pendleton, 
1971). 
Other reports on photosynthetic rates in wheat and barley have 
been published. Lupton (1964) and Bingham (1967) noted differences in 
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flag-leaf photosynthetic rates of several wheat cultivars, but dif­
ferences were not associated with grain yield. Evans and Dunstone 
(1970) reported higher photosynthetic rates in diploid, primitive 
wheat species than in more recently evolved tetraploid and hexaploid 
strains, and also that photosynthetic rates were inversely related to 
the area of flag-leaf blades. In barley, Berdahl et al. (1972) found 
that nearly isogenic small- and large-leaf strains had relatively 
constant photosynthetic rates per unit leaf area, whereas Lawes and 
Trehame (1971) noted significant differences in the photosynthetic 
rates of the 4th leaf of three diverse barley cultivars. 
Several workers have related differences in leaf photosynthetic 
rates to grain yielding ability in soybeans. Dornhoff and Shibles 
(1970) noted that Corsoy, Harosoy, Amsoy, and Hark, all high-yielding 
cultivars with Mandarin and A.K. in their background, exhibited high 
leaf photosynthetic rates, while Hawkeye, a lower yielding cultivar, 
had a lower photosynthetic rate. However, Wayne and Chippewa, high 
yielding cultivars with Lincoln and Richland in their parentage, had 
mediocre photosynthetic rates. Apparently, parentage and traits em­
phasized in selecting for yield do have an influence on whether or 
not high yielding cultivars have high photosynthetic rates. Genotypic 
differences in net photosynthetic rates were attributed to differences 
in stomatal and mesophyll resistances. Ojima et al. (1968) and Buttery 
and Buzzell (1972) noted that breeding and selection to increase yield 
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resulted in increased rates of photosynthesis, and Ghorashy et al. 
(1971), using three near-isogenic lines of soybeans differing in 
pubesence characters, observed significant differences between isolines 
for apparent photosynthesis during pod filling, but not during flowering. 
Curtis et al. (1969), comparing photosynthetic rates of 12 soybean 
cultivars (many the same as those studied by Dornhoff and Shibles, 
1970), concluded that yield differences were not caused by differences 
in photosynthate production, but their study was done under different 
environmental conditions than that of Dornhoff and Shibles (1970). 
Although results from published reports are conflicting, the 
literature suggests that significant cultivar differences for leaf 
photosynthesis exist in corn. Heichel and Musgrave (1969) observed 
differences of 100 to 200% among inbred, hybrid, and open-pollinated 
cultivars. Significant differences among corn cultivars groya. in the 
greenhouse, were reported by Duncan and Hesketh (1968), but in contrast, 
investigations by Moss (1960) and Elmore, Hesketh and Muramoto (1967) 
failed to detect differences in photosynthetic rates among inbreds and 
their single crosses. 
For other crops, cultivar differences in leaf photosynthetic rates 
have been reported in Lolium (Wilson and Cooper, 1969), rice (Osada, 
1964), tobacco (Zelitch and Day, 1968), sugar cane (Irvine, 1967) 
and dry beans (Izhar and Wallace, 1967). 
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METHODS 
Field Experiments 
Cultural techniques and design 
The early and midseason isolines (including X469II and X423) were 
planted on April 17, 1972, in separate field experiments at Ames, Iowa. 
Soil conditions were favorable for growing oats. The lines were hand-
seeded at a rate of one seed per cm in 3-row plots with rows 2.4 m 
long spaced 30 cm apart. Three replicates for each experiment were 
planted in a randomized complete block design. Prior to planting 
seeds were treated with Vitavax to control smut, and plots were sprayed 
with maneb at weekly intervals from anthesis to maturity to control 
crown rust. Measurements in all early-line plots were made on June 
26 and June 28, while measurements in all midseason-plots were re­
corded on June 27 and June 29. These dates were approximately eleven 
and nine days after anthesis for the early and midseason lines, re­
spectively. 
Experimental apparatus and procedures 
I used two leaf chambers, built by Criswell (1970), to measure 
photosynthetic and transpiration rates simultaneously. The chambers, 
part of an "open" system similar to that used by Gaastra (1959), were 
constructed of acrylic plastic. Each chamber consisted of two halves. 
Midportions of four flag leaves were placed on top of the lower half 
of a chamber and the top half was then bolted in place to form the 
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air-tight chamber. Nylon filaments within the chamber provided a 
press to keep the leaves flat, and permagian was used to temporarily 
seal the two halves of the chamber together. Three copper Constantin 
thermocouples inserted into the bottom half of each chamber provided 
readings of leaf and chamber temperatures. Leaf temperature was 
measured by pressing two of the thermocouples against the abaxial 
side of two flag, leaf lamina. Mean leaf temperatures for the early 
lines were 28°C (June 26) and 27°C (June 28); and for the midseason 
lines it was 30°C (June 27) and 31°C (June 29). 
Internal dimensions of each chamber were 8.0 x 8.0 x 2.5 cm. An 
internal fan mounted below each chamber created air turbulence: air 
coming into the chamber through several ducts was directed onto the 
fans. A shadowscope mounted on the edge of the upper half of each 
chamber ensured keeping the leaves in the chamber perpendicular to 
the sun. Chamber temperatures were controlled by running water through 
upper and lower water jackets. 
I used a Beckman Model 215 infrared gas analyzer (IRGA) to measure 
CO, exchange; transpiration rates were measured with a differential 
psychrometer. Atmospheric air was pumped into a mixing pail, and a 
system of air pumps, pinch clamps, and stopcocks controlled air flow 
rates into and out of the leaf chambers, psychrometer, and infrared 
gas analyzer. The air flow rate through each leaf chamber was 200 1 
per hr. Using two leaf chambers facilitated rapid measurements, because 
when one plot was being measured, flag leaves from another plot could 
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be placed in the other chamber and allowed to adjust to the experi­
mental conditions for several minutes. The recording equipment was 
housed in a panel truck. 
To measure COg exchange, samples of air entering (inlet air) and 
leaving (outlet air) a leaf chamber were pumped through a drying column 
(water absorbs infrared light) into the infrared gas analyzer. Readings 
from the IRGA, which were usually obtained in four to six minutes, 
were applied to a photosynthesis equation to determine net CO^ ex­
change rate per unit leaf area. Leaf widths were measured immediately 
after sampling, and leaf areas were determined from these measurements 
using the formula of a trapezoid (Stoy, 1965). The leaves were later 
dried for 24 hours at 80°C and weighed to determine dry weight per 
unit leaf area (specific leaf weight). Solar radiation, measured by 
an Eppley pyranometer, was recorded concurrently with photosynthesis. 
The IRGA was calibrated hourly with a low (302 ppm COg) and a high 
(344 ppm COg) gas concentration. 
The differential psychrometer provided readings of dry and wet 
bulb temperatures of inlet and outlet air, and a series of psychro-
metric equations were used to calculate transpiration rates. 
Calculations 
Net photosynthetic rates (Ps), transpiration rates (Tp), total 
resistance to CO^ diffusion (RT), and laminar (RA), stomatal (RS), and 
mesophyll (RM) resistances to COg diffusion were calculated from 
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formulae presented by Criswell (1970). 
Net COç exchange calculations Net photosynthetic rates (Ps) of 
flag leaves were determined from the following equation: 
AC02'10^'F'44,010 mg C02*niole ^ r., 
Ps = ' 
A'R't 
-2 -1 
where Ps = net photosynthetic rate, mg COg dm hr 
ACOg = difference in CO2 concentration between the outlet and 
air streams, ppm 
F = flow rate, &'hr"^ 
2 
A = leaf area on one side, dm 
t = air temperature through the flow meter, °K, and 
R = gas constant, 0.08205 Z-mole at 1 atmosphere. 
Transpiration formulae Transpiration rates were determined by 
recording changes in water vapor pressure before and after it had passed 
through the leaf chamber. The following equations derived by Criswell 
(1970) for differing dry bulb air stream temperatures were used to 
calculate transpiration (Tp). 
IP = f ic^ + \„o' - 4r7 + %„i>i 
so Si 
-2 -1 
where Tp = transpriation rate, mg H^O dm hr 
F = flow rate, 2'hr 
2 
A = leaf area on one side, dm 
t^ = dry bulb temperature of outlet air, °c 
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= dry bulb temperature of inlet air, °C 
t = wet bulb temperature of outlet air, ®C 
wo 
t . = wet bulb temperature of inlet air, °C 
wl 
6q = density of water vapor in saturated air at t^, mg 
6^ = density of water vapor in saturated air at t^, mg HgO'K 
e^^ = saturation vapor pressure of air at t^, mm Hg 
e^^ = saturation vapor pressure of air at t^, mm Hg 
e = saturation vapor pressure of air at t , mm Hg 
swo wo 
^swi ~ saturation vapor pressure of air at t^^, mm Hg 
The following equation (Criswell, 1970) was used to compute e^. 
(20.9166 - [5,293.06/(273. 
e — e 
s 
where e^ = saturation vapor pressure of the air at t, mm Hg 
e = natural logarithmic constant, 2.7183 
t = temperature, °C, and 
273.16 = constant to convert temperature from °C to "K. 
The density of water vapor in saturated air was determined from 
the following equation (Criswell, 1970): 
6 = (2.89=10"^'e /(273.16+t) 
where 6 = density of water vapor in saturated air, cm «cm 
e^ = saturation vapor pressure at t, mm Hg 
t = temperature, °C, and 
-4 2.89*10 = constant to convert water vapor pressure in mm Hg to 
absolute humidity in cm^ HgO'CoTJ air. 
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The transpiration rates of the lines were calculated in mg H^O dm ^ 
hr but to reduce the magnitudes of the transpiration and photosynthe­
sis-to-transpiration rate (PT) means, I multiplied the transpiration 
values by 1000, thus coverting the units of water transpired from 
milligrams to grams. Therefore, all transpiration values reported 
herein are in g HgO dm ^ hr and all PT means are in units of mg COg/ 
g HgO. 
Resistance equations Total resistance to COg diffusion (RT) 
and its component resistances, laminar resistance (RA), stomatal re­
sistance (RS), and mesophyll resistance (RM), were calculated from the 
following equations 
[CO,]^ - [C0„] , T 
(RT) = (RA. + RS + RM) = ^ ^  ^ [5] 
^ 2 Ps'1.4138 
where RT = total resistance to diffusion of CO^ from the 
external air to the chloroplast, sec cm" 
RA = laminar (boundary layer) resistance, sec cm ^ 
—1 
RS = stomatal resistance, sec cm 
-1 
RM = mesophyll resistance, sec cm 
-2 -1 
Ps = net photosynthesis at [COg]^* CO^ dm hr 
[COz]^ = COg concentration of the air over the leaf surface, ppm 
^^®2^chl ~ *^*^2 concentration at the chloroplast, ppm, and 
3 -2 -1 
1.4138 = constant for converting Ps to cm CO^ cm sec 
Gaastra (1959) assumed be equal to zero. His assumption 
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was based upon the fact that net photosynthesis and exhibit a 
linear relationship, even at CO^ concentrations very close to zero. 
However, Gaastra's model did not separate resistances to diffusion of 
respiratory CO^ from CO^ utilized in photosynthesis. Therefore, I 
assumed [C0„] to be equal to the C0„ compensation concentration. I 
2. cnl Z 
did not compute the CO2 compensation concentrations ([COgl^) in my 
material, but because the 20 diverse varieties used in Criswell's 1969 
study did not exhibit significant genetic variability for [COg]^) I 
used his mean value of 72 ppm CO^ in my calculations. El-Sharkawy 
and Hesketh (1965) also assumed [C02]chl equal to [COg]^. 
The component resistances were calculated from the following 
series of equations: 
618934-10^ 
(EA + RS)c02 - Tp 
-2 -1 
where Tp = transpiration rate, mg HgO dm hr 
3 618934*10 = constant to convert diffusion resistances 
in terms of water vapor to CO2 diffusion 
resistances and to convert Tp measured in 
mg H2O dm~2 hr ^ to cm^ H2O cm~^ sec~^ 
^^2'^^int ~ water concentration in the intercellular 
spaces, cm H2O cm~^ air, and 
[HgO] = water concentration in air adjacent to the 
^ leaf surface, cm^ HgO cm~^ air. 
and [H 0]^ were calculated from the following equations: 
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[BLO] 
(2.89.10-4) (eg,) 
2 lut 273.16 + 
-4 
where 2.89*10 = constant to convert vapor pressure in. 
mm Hg to absolute humidity in cm H^O cm" 
tj^ = leaf temperature, °C 
= saturation vapor pressure at t^^, mm Kg. 
[ H O ]  .  
^ ^ 273.16 + 
where t = air temperature of the leaf chamber, °C, 
^ and the other parameters are the same in 
Equations 2, 3, and 7. 
Laminar resistance (RA) was computed from a prediction equation 
developed by Criswell (1970) for analyzing his 1969 data. 
-2 -1 
where E = evaporation rate, mg H^O dm hr 
= 17,774.7 - (42,827.2) (X^^) + 45,139.9 (X^) 
- 691.6Xct + 23.2Xg^ 
2 
= leaf area, dm 
X = air temperature of leaf chamber, °C, and 
^ the other parameters are the same as in 
Equation 8. 
The remaining two resistances were determined by subtraction. 
(•^>002 - (RA + RS)co2 - O^'cOj' ^  
<™>C02 = 
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Statistical procedures 
To analyze the data, I used a multiple regression analysis of 
variance, using the following model: 
"ikjl ' " + + Oj + + (OWjk + Cljkl 
where R, D, and L represent replicates, days, and lines, respectively. 
Lines are fixed and replicates and days were random. I pooled inter­
action and error mean squares when the interaction-to-error mean square 
ratio was 1.50 or less. 
The level of expression of most of the traits has been shown to 
be affected by temperature (Criswell and Shibles, 1972), solar radia­
tion (Berdahl et al., 1972), and diurnal variation (Chatterton et al., 
1972; Barrs, 1968). Since I measured characters on only three re­
plicates to detect differences among closely related lines, and because 
solar radiation, temperatures, and the time of day were variable during 
the measurements, I fitted covariate effects in the model for leaf 
temperature, chamber temperature, solar radiation, and time of day for 
each plot for all traits measured except laminar resistance. In the 
model, physiological traits were dependent variables and covariates 
were independent variables. Fitting covariates provided a better 
estimate of error and adjusted the means to constant environmental 
conditions. With the exception of laminar resistance, values for all 
traits presented in this- section of flag leaf physiology are adjusted 
means. 
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Growth Chamber Experiments 
The controlled-environment experiments were conducted in a Percival 
model 6600 growth chamber with interval dimensions of 2.0 x 2.7 m. The 
chamber held 20 crocks that were filled with a soil mixture containing 
3 parts soil, 2 parts peat, and 1 part sand. Twenty-five seeds were 
sown in each crock in a. grid design with a 1.5 cm Spacing between 
seeds in perpendicular directions. High fertility conditions were 
maintained by weekly application of 6-10-4 analysis fertilizer, and 
moisture levels were kept at or near field capacity. Plants received 
16 hours of illumination per day from twenty-eight 244-cm cool white 
WHC fluorescent lamps and twelve 60-watt incandescent bulbs. The day 
and night temperatures were 23°C and 16°C, respectively. Mean leaf 
temperature during the experiments was 26°C. Early and midseason 
isolines, grown in separate halves of the growth chamber, were analyzed 
separately. A randomized complete block design with two replicates 
was used. 
The growth chamber experiments were conducted twice. The first 
planting was made in late August and measured in early October, while 
the second set of materials was planted in early October and measured 
in mid-November. Three sets of flag leaf measurements were recorded. 
The first and second sets of measurements were obtained from the first 
planting, and the third set of measurements was from the second planting. 
Because of the constancy of the environmental conditions, the 
three sets of data were analyzed together as one experiment. I used 
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the same model and statistical procedures as in the field study, but 
I fitted one less covariate (solar radiation was omitted). The mea­
suring and recording equipment was the same as that used in the field 
study, except that a Beckman Model 15A infrared gas analyzer was used 
in the growth-chamber study. 
Notations 
The following notations will apply to the characters discussed 
in the Results and Discussion sections: 
Tp 
Ps 
SLW 
PT 
RT 
RA 
RS 
RM 
^ — I 
= transpiration rate, g H2O dm hr 
—2 —1 
= net photosynthetic rate, mg CO^ dm hr 
-2  
= specific leaf weight, g dm 
= photosynthesis-to-transpiration ratio, mg COg/g H^O 
-1 
= total resistance to COg diffusion, sec cm 
-1 
= laminar resistance to CO^ diffusion, sec cm 
-1 
= stomatal resistance to CO^ diffusion, sec cm 
= mesophyll resistance to CO^ diffusion, sec cm 
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RESULTS 
Field Experiments 
Early lines 
2 
Mean squares and coefficients of determination (R ) for early iso-
lines grown in the field experiment are presented in Table 10. Fitting 
covariates in the model accounted for significant variation in several 
instances. 
The source of variation of primary interest was genotypes, and the 
mean squares for this source were significant for Ps and RT only. 
Generally, the recurrent parent was higher in Tp than any of its related 
isolines (Table 11), but only X541 was significantly lower. X434II and 
X541 had higher Ps values than C.I. 8044, with X541 significantly so. 
Generally, C.I. 8044 had lower PT and RS values and greater RM values 
than its isolines. Although variation between the recurrent parent and 
isoline means for the physiological traits was small in several in­
stances, the donor parent germplasm seems to have caused notable changes 
in several isolines. 
X541 accounted for all cases in which the isoline mean was signi­
ficantly different from the recurrent parent (Table 11), indicating that 
its donor parent, C.I. 7171, possessed alleles that influenced the 
expression of flag leaf physiological traits and were linked to the 
crown rust reaction locus. All of the deviations of X541 were in the 
direction of greater physiological efficiency per unit of flag leaf 
2 
Table 10. Mean squares and coefficients of determination (R ) from the multiple regression 
analysis of the eight traits of the early lines grown in the field. (Mean squares 
are from the partial sums of squares.) 
Source of Degrees of Trait 
variation freedom Tp Ps SLW PT RT RA RS RM 
Time* 1 4.945** . 1.989 0.00865** 56.266**0.082 — 2.118 4.241* 
Chamber Temp 1 1.736 6.892 0.00082 20.290 0.509 —  —  0.691 0.160 
Leaf Temp 1 0.342 4.915 0.00051 7.191 0.301 — —  0.586 0.374 
Solar Radiation 1 0.005 47.485* 0.00571** 0.495 1.876* 0.019 2.032 
Reps/Days 4 2.188* 49.002* 0.00203* 9.399 2.197** 0. 1956 1.113 0.889 
Genotypes (G) 4 0.379 35.003* 0.00264 10.951 1.074* 0. 0118 0.479 1.787 
Days (D) 1 8.240** 48.023* 0.00859** 46.340* 1.801* 0. 0087 2.310 0.303 
G X D 4 0.146 10.760 0.00232** 7.024 0.254 0. 0265 0.680 0.841 
Error 12 0.503 7.145 0.00041 5.729 0.283 0. 0258 0.584 0.870 
Pooled Error 16 0.4138 8.049 — —  6.053 0.276 0. 0259 0.608 0.861 
R2 0.90 0.92 0.87 0.83 0.91 — —  0.75 0.77 
^Refers to time of day that measurements were taken. 
*Significant at the 5% level. 
**Significant at the 1% level. 
Table 11. Means of the eight traits of the early lines grown in the field. 
Line Tp Ps SLW PT RT RA RS RM 
C.I. 8044 4. ,08 27. ,76 0. ,508 7. ,56 6. 04 0. 68 0. ,78 4. ,59 
X434II 3. ,60 31. ,21 0. ,492 10. ,14 5. 42 0. 74 1. ,22 3. ,48 
X541 3. ,16* 32. ,87* 0. ,541 11. ,51* 5. 08** 0. 72 1. ,29 2 .  99** 
X550I 3. ,46 26. ,74 0. ,549 9. ,53 6. 19 0. 80 1. ,65 3. ,82 
X469II 3. 58 27. ,55 0. 516 8. ,04 5. 96 0. 70 0. ,91 4. ,34 
Mean 3. ,58 29. ,23 0. ,521 9. ,36 5. 74 0. ,73 1. 17 3. 84 
LSD (.05) 0. 79 3. 47 0. ,076 3. ,01 0. 64 0. ,19 0. ,95 1, .14 
CV (%) 19, ,82 9. ,15 3. ,89 25. ,58 9. 27 22. 10 65. ,38 24, .24 
^Significantly different from the recurrent parent a^t the 5%' level. 
**Significantly different from the recurrent parent at the 1% level. 
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area. Even though none of its means were significantly different from 
those of C.I. 8044; X434II exhibited a pattern of expression similar 
to that of X541. Its moderately low transpiration rate (Tp) and its 
relatively high net photosynthetic rate (Ps) resulted in X434II having 
a higher mean water-use efficiency than the recurrent parent. Despite 
having greater stomatal resistances (RS) than the recurrent parent, 
X541 and X434II had higher photosynthetic exchange rates because they 
had much lower mesophyll resistances (KM). This resulted in both having 
lower total resistances (RT) to CO^ diffusion than the recurrent parent. 
X469II and X550I both had CO^ exchange rates similar to that of 
the recurrent parent, but for different physiological reasons. X469II 
was similar to the recurrent parent in all component resistances, where­
as the net photosynthetic exchange rate of X550I was somewhat lower 
because its laminar (RA) and stomatal (RS) resistances were greater 
than those of the recurrent parent. Considering the five early lines, 
it appears that differences in net photosynthetic rates of the flag 
leaves were caused primarily by differences in RM, and somewhat by 
differences in RS. In this sample there appeared to be no association 
between Ps and SLW. 
Midseason lines 
Table 12 shows the mean squares and coefficients of determination 
for the eight variates of the midseason lines grown in the field. Fit­
ting covariates had a considerably smaller effect in reducing mean 
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Table 12. Mean squares and coefficients of determination (R ) from the multiple regression 
analysis of the eight traits of the midseason lines grown in the field. (Mean 
squares are from the partial sums of squares.) 
Source of Degrees of 
variation freedom Tp Ps SLW PT RT RA RS KM 
Time^ 1 0. 0323 159. 99* 0. 00001 100. 73** 6. 611 — —  0. 3370 8. 909 
Chamber Temp 1 0. 1117 38. 91 0. 00014 8. 63 0. 568 — 0. 3519 0. 181 
Leaf Temp 1 0. 0330 33. ,05 0. 00010 3. 57 1. 135 — — 0. 4411 0. ,319 
Solar Radiation 1 0. 0268 5. 31 0. 00341 3. 75 1. 795 0. 0482 2. ,344 
Reps/Days 4 0. 4335 52. ,89 0. 00052 39. 64* 1. ,204 0. 0431 0. 5363 2. 944 
Genotypes (G) 4 0. 1769 51. ,06 0. ,00191 37. ,98* 4. ,027 0. 0103 0. 3520 4. ,779 
Days (D, 1 0. 2160 438. ,76** 0. ,00079 72, 96* 9. 858* 0. ,2219 0, .3206 5. 273 
G X D 4 0. 1491 9. ,19 0. ,00048 7. ,99 1. ,127 0. ,0089 0. ,1744 1. ,403 
Error 12 0. 2496 31. ,63 0. ,00111 9. ,74 2. ,166 0. ,0101 0. ,3999 2. 102 
Pooled Error 16 0. 2244 26, .022 0. ,00095 9. 305 1, .906 0. ,0098 0, .3436 1, .927 
R2 0. 85 0. ,78 0. ,54 0. ,85 0. 77 — — 0. ,77 0, .69 
^Refers to time of day that measurements were taken. 
^Significant at the 5% level. 
**Significant at the 1% level. 
Table 13. Means of the eight traits of the midseason lines grown in the field. 
Line Tp Ps SLW PT RT RA RS RM 
C.I. 7555 2.49 37.26 0.514 16.77 4.48 0.88 2.48 1.10 
X270I 2.69 34.72 0.535 14.27 4.69 0.94 2.61 1.20 
X447 2.84 31.30 0.537 11.48** 5.74 0.91 2.05 2.79 
X117 3.01 30.63* 0.534 10.43** 5.63 0.88 2.05 2.85** 
X423 2.67 29.73* 0.567** 10.57** 6.61* 0.98 2.55 3.08** 
Mean 2.74 32.73 0.537 12.70 5.43 0.92 2.35 2.20 
LSD (.05) 0.58 6.24 0.038 3.37 1.69 0.12 0.72 1.70 
CV (%) 18.22 17.18 6.20 24.57 27.10 10.98 26.95 65.84 
*Significantly different from the recurrent parent at the 5% level. 
**Signlfleantly different from the recurrent parent at the.1% level. 
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Table 14. Group means for early.and midseason lines grown in 
the field. 
Early Midseason 
maturity maturity 
Trait group group 
Transpiration rate (Tp) 3.58 2.74 
Photosynthetic rate (Ps) 29.23 32.73 
Specific Leaf Weight (SLW) 0.521 0.537 
Photosynthesis:Transpiration Ratio (FT) 9.35 12.70 
Total resistance (RT) 5.74 5.43 
Laminar resistance (RA) 0.73 0.92 
Stomatal resistance (RS) 1.17 2.35 
Mesophyll resistance (RM) 3.84 2.20 
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squares for the analysis of data from the mldseason lines than it did for 
the early ones. Day effects on Ps and PT were the only two instances 
where covariate sources were significant. With the exception of SLW, 
2 
coefficients of determination (R ) were reasonably high, but not as 
high as those of the early lines, so fitting the independent variables 
and covariates did not account for as much variation in the midseason 
lines. The only significant mean square due to genotypes was for PT 
(Table 12), but when LSD values were used to test derived isolines 
against the recurrent parent, C.I. 7555, eight instances of significance 
occurred (Table 11). C.I. 7555 had lower Tp and higher Ps than any of 
the derived Isolines. For PT, the recurrent parent was higher than all 
derived isolines and significantly so for X447, X117, and X423. Lines 
with the higher CO^ exchange rates, C649 and X270I, had very low RM 
values. Lines X447 and X117 had lower RS values than G.I. 7555, but 
their SM's were significantly higher, causing both to have higher RT's 
to CO2 diffusion and thereby reducing their Ps's. X423 had a signifi­
cantly lower Ps than the recurrent parent because its RM was signifi­
cantly higher. Its RA also may have contributed to large RT. Generally, 
the RM appeared to be of great importance in establishing Ps in the 
midseason isolines. 
The recurrent parent had the lowest Tp and the highest Ps, so 
theoretically, it was superior to its derived Isolines in water-use 
efficiency (PT). Only X423 differed significantly from the recurrent 
parent in SLW. There appeared to be an inverse relationship between 
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Ps and SLW among the midseason isolines. 
Generally, in both groups of isolines (i.e., early and midseason), 
the recurrent parent tended to have the highest or lowest value for most 
of the eight physiological traits measured on the flag leaves. The 
trends for any given trait, however, usually were reversed between the 
maturity groups. For example, the Tp of C.I. 8044 was higher than any 
of its respective isolines, whereas that of C.I. 7555 was lower than any 
of its respective isolines. And, PT of C.I. 8044 was lower than any 
of its isolines, whereas that of C.I. 7555 tended to be significantly 
higher than any of its isolines. 
Maturity group means 
Table 14 presents a summary of maturity group means of the eight 
traits measured in the field experiments. The earlier maturing lines 
-2 -1 -2 -1 
exhibited a higher Tp (3.58 g dm hr vs. 2.74 g dm hr ) and a 
-1 -1 
slightly higher RT (5.74 sec cm vs. 5.43 sec cm ), despite having 
lower RA and RS. The difference between the RT's was caused by mean RM 
of early lines (3.84 sec cm ) being considerably larger than that of 
the midseason lines (2.20 sec cm ^). Thus, the midseason lines had 
higher flag leaf Ps because their mean RM was low enough to overcom-
pensate for higher RA and RS. Seemingly, midseason lines yield more 
grain than early ones, because midseason lines photosynthesize more and 
transpire less, which makes them more efficient users of water, thereby 
providing opportunity for an extended growth period. 
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Growth Chamber Experiments 
Early lines 
There was little significant variation for physiological traits 
of the early lines when grown in the growth chamber (Table 15). No 
covariates removed significant variation for any trait. Coefficients 
of determination were high, especially for Tp. 
When tested in the growth chamber, C.I. 8044 and its derived 
isolines produced similar mean measurements for all eight physiological 
traits (Table 16). 
Midseason lines 
For the midseason lines grown in the growth chamber, there were 
few sources of significant variation also (Table 17). Chamber tem­
perature and leaf temperature covariates were significant for SLW, the 
effect of days was often significant for several traits. Coefficients 
of determination were again high. 
Two isoline-recurrent parent comparisons were significant in the 
midseason group (Table 18). X117 and X423 had RS values that were 
significantly lower than that of the recurrent parent. Despite having 
lower RA and RS, the Ps of X117 was not significantly higher than that 
i 
of the recurrent parent. A high RM prevented X423 from having a high 
Ps. X117 was extreme for most traits; it had high Tp and Ps, and low 
PT, RT, RA, and RS means. X447 had the lowest RM, but its Ps was just 
normal because of high RS. RS and RM had similar effects on Fs's. 
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Table 15. Mean squares and coefficients of determination (R ) from the multiple regression 
analysis of the eight traits of the early lines grown in the growth chamber. 
(Mean squares are from the partial sums of squares.) 
Source of 
variation df Tp Ps SLW PT RT RA RS RM 
Time^ 1 0.4918 5.165 0.00005 0.0049 5.188 0.772 1.608 
Chamber Temp 1 0.0035 1.657 0.00021 0.3717 2.428 — —  0.205 1.164 
Leaf Temp 1 0.0365 0.345 0.00115 0.0057 0.322 0.010 0.352 
Reps/Days 3 0.2905 2.622 0.00046 1.2362 1.285 0.0257 0.211 1.791 
Genotypes (G) 4 0.0401 5.027 0.00194 1.9685 3.878 0.0174 0.248 2.520 
Days (D) 2 3.1763** 17.495* 0.00278 15.4260* 15.033 0.8337 1.968 10.850* 
G X D 8 0.0822 6.469 0.00121 1.5162 6.812 0.0238 0.176 6.153 
Error 9 0.2508 3.644 0.00107 2.8332 4.169 0.0210 1.051 2.593 
Pooled Error 17 0.1715 — —  0.00113 2.2135 — 0.0221 0.6390 — 
R2 0.98 0.86 0.80 0.90 0.82 — —  0.89 0.85 
^Refers to time of day that measurements were taken. 
*Significant at the 5% level. 
**Signlficant at the 1% level. 
Table 16, Means of the eight traits of the early lines grown in the growth chamber. 
Lin<i Tp Ps SLW PT RT RA RS RM 
C.I. 8044 3. 17 15. ,59 0. 366 5. 93 10. ,51 0. 82 1. 95 7. ,76 
X434II 3. ,19 16. ,74 0. 364 7. ,33 9. ,99 0. 77 2. ,07 7. ,12 
X541 3. ,07 14. ,36 0. 332 6. 34 11. ,46 0. 85 2. ,28 8. ,34 
X550I 3. 34 16. ,21 0. 389 6.  ,12 10. ,20 0. 74 1. ,82 7. ,63 
X469II 3. ,15 14. ,71 0. ,377 5. ,73 12. ,02 0. 72 2. ,35 8. ,94 
Mean 3. ,18 15. ,52 0. 366 6.  ,29 10. ,83 0. 78 2, 09 7. ,96 
LSD (.05) 0. ,37 3. ,39 0. ,041 1. ,81 3, .48 0. 18 0, .97 3, .30 
CV (%) 15. ,73 12. ,30 8. ,94 26, .76 18, .85 18. 52 48, .99 20, .23 
*Significantly different from the recurrent parent at the 5% level. 
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Table 17. Mean squares and coefficients of determination (R ) from the multiple regression 
analysis of the eight traits of the midseaspn lines-grown in the growth chamber. 
(Mean squares are from the partial sums of squares.) 
Source of 
variation df Tp Ps SLW PT RT RÀ RS RM 
Time^ 1 0. 107 8. ,809 0. 00061 0. 005 3. ,284 — —  1. 504 0, ,193 
Chamber Temp 1 1. ,227 0. ,004 0. ,00346* 0. ,827 0. 317 —  —  0. 340 0. ,022 
Leaf Temp 1 1. ,191 0. ,290 0. ,00556* 1. ,577 0. ,830 0. 381 0. ,156 
Reps/Days 3 0. ,039 11. ,313 0. ,00082 3. ,351 2. ,299 0. 0282 0. 574 2. ,129 
Genotypes (G) 4 0. ,597 2. ,412 0. ,00043 3. ,815 1. 242 0. 0267 1. 729 1. 263 
Days (D) 2 9. 424** 12. ,863* 0. ,00304* 19. ,190** 3. ,163 0. ,6151 6. 618** 1. 222 
G X D 8 0. ,679 3. ,106 0. ,00211* 1. ,982 1. ,341 0. ,0385 0. 469 1. 372 
Error 9 0. ,335 3. ,840 0. ,00056 1. 100 1. 354 0. ,0197 0. 631 1. 499 
Pooled Error 17 3. ,4944 — 1. ,3479 — —  0. 555 1, .439 
R2 0. ,96 0. ,90 0. ,92 0. 96 0. 89 — —  0. 94 0, 74 
^Refers to time of day that measurements were taken. 
*Signifleant at the 5% level. 
**Slgnifleant at the 1% level. 
Table 18. Means of the eight traits of the midseason lines grown in the growth chamber. 
Line Tp Ps SLW PT RT RÂ RS RM 
C.I. 7555 2.48 17.49 0.380 8.57 9.66 0.93 2.69 6.06 
X270I 2.67 17.34 0.394 8.10 9.98 0.87 2.45 6.65 
X447 2.75 17.91 0.370 8.42 9.21 0.90 2.72 5.56 
X117 3.35 19.00 0.388 6.84 8.78 0.76 1.49* 6.54 
X423 2.87 17.57 0.379 6.93 9.29 0.91 1.78* 6.62 
Mean 2.83 17.86 0.382 7.77 9.38 0.87 2.23 6.28 
LSD (.05) 1.10 2.28 0.06 1.80 1.41 0.25 0.91 1.46 
CV (%) 20.48 10.97 6.17 13.50 12.40 16.07 35.69 19.49 
*Significantly different from the recurrent parent at the 5% level. 
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Maturity group means 
Relationships between the early and midseason maturity group means 
for the growth chamber experiments (Table 19) were similar to those 
from the field experiments.. The early-group means were higher for Tp, 
RT, and RM, whereas the midseason-group means were higher for Ps, SLW, 
PT, RA, and RS. 
Field Results vs. Growth Chamber Results 
Early lines 
The magnitudes and trends of means of the physiological traits 
for the early oat lines varied with environments (Tables 11 and 16). 
Generally, not only the magnitudes of means but also the rankings across 
lines were markedly different from the two environments. The Ps, SLW, 
and PT means were substantially higher in the field, whereas the RT, 
RS, and RM values were substantially higher in the growth chamber. The 
differences between the Tp and RA values in the two environments were 
small. Significant differences in mean values from the growth chamber 
were rare. Nevins and Loomis (1970) and Wolf and Blaser (1972) also 
found lower Ps, SLW, and PT values for plants grown in the growth cham­
ber. It is noteworthy that X434II had relatively high Ps and PT values 
in both environments, whereas X541 had a very high Ps in the field and 
a low one in the growth chamber. 
Midseason lines 
Magnitudes of means and rankings of isolines for the midseason 
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Table 19. Group means of the early and midseason lines grown in the 
growth chamber. 
Early Midseason 
maturity maturity 
Trait group group 
Transpiration rate (Tp) 3.18 2.83 
Photosynthetic rate (Ps) 15.52 17.86 
Specific Leaf Weight (SLW) 0.366 0.382 
Photosynthesis;Transpiration Ratio (PT) 6.29 7.77 
Total resistance (RT) 10.83 9.38 
Laminar resistance (RA) 0.78 0.87 
Stomatal resistance (RS) 2.09 2.23 
Mesophyll resistance (RM) 7.96 6.28 
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group were markedly different in the two environments (Tables 13 and 
18) also. Generally, Ps, SLW, and PT means were much lower in the 
growth chamber, whereas RT and RM values were much higher. RS mean 
differences between the two environments were small. Lower Ps values 
for the midseason isolines grown in the growth chamber were caused 
almost entirely by increased SM's. Magnitudes and trends of Tp's 
were remarkably similar across environments. The dissimilarities I 
found between results from field and growth chamber experiments cor­
roborated the experiences reported by Dornhoff and Shibles (1970) and 
Curtis et al. (1969) who found dissimilar readings for physiological 
traits measured on the same set of soybean cultivars grown in different 
environments. 
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DISCUSSION 
Products from photosynthesis contributed to developing seeds by 
oat flag leaves may be small relative to the contributions from other 
plant parts, but differences in flag-leaf contributions of photo-
synthates may be very influential in determining whether closely re­
lated lines produce grain yields that differ by 3.0 to 9.0 percent. 
To assess the usefulness of flag leaf measurements for physiological 
traits, I have constructed Table 20 which brings together means for 
physiological traits, grain yield, and grain-yield components, all 
measured in the field. For X434II, about half of the increased grain 
yield over its recurrent parent was due to increased tillering and the 
other half could be assigned to physiological traits of the flag leaves. 
The high Ps of X434II, together with its average SLW indicates that 
its photosynthetic products were translocated to developing grains 
very efficiently, resulting in a yield per panicle that was 4.0 per­
cent greater than that of the recurrent parent. The other high-yielding 
isoline in the early background, X541, also exhibited physiological 
traits in flag leaves that were conducive to high grain yields, but 
its increased grain yield was due almost entirely to increased tillering 
ability, and tillering would be unaffected by physiological traits of 
flag leaf. The high SLW of Xi41 indicates that its increased photo-
synthetic production enhanced leaf growth but not grain development, 
with the result that its yield per panicle was no better, and in fact 
Table 20. Means of selected physiological traits measured on flag leaves, of yield components, 
and of grain yield measured on early and midseason oat lines grown in field experiments. 
Line Tp Ps SLW PT 
Panicles 
per 
plot* 
Spikelets 
per 
panicle 
100-seed 
weight 
Grain 
yield 
per h 
panicle 
Grain 
yield^ 
C.I. 8044 4.08 27.76 0.508 7.56 62.0 20.5 3.07 1.26 512 
X434II 3.60 31.21 0.492 10.14 65.3 21.1 3.10 1.31 553** 
X541 3.16 32.87* 0.541 11.51* 64.0 19.9 3.08 1.23 537** 
X550I 3.46 26.74 0.549 9.53 68.8 17.6 3.14 1.10 452** 
X469II 3.58 27.55 0.516 8.04 516 
LSD (.05) 0.79 3.47 0.076 3.01 3.74 0.76 0.11 17.2 
CV (%) 19.82 9.15 3.89 25.58 6.97 6.67 4.35 7.87 
C.I. 7555 2.49 37.26 0.514 16.77 62.5 28.2 2.49 1.40 558 
X270I 2.69 34.72 0.535 14.27 65.3 27.2 2.44 1.33 578** 
X447 2.84 31.30 0.537 11.48** 63.3 25.4** 2.66** 1.35 576** 
X117 3.01 30.63* 0.534 10.43** 63.2 27.4 2.45 1.34 532** 
X423 2.67 29.73* 0.567** 10.57** 582** 
LSD (.05) 0.58 6.24 0.038 3.37 2.59 1.30 0.09 16.5 
CV (%) 18.22 17.18 6.20 24.57 6.92 6.65 4.90 6.70 
^Panicles per plot, spikelets per panicle, and 100-seed weight are from Table 5. 
^No test of significance made. 
^Grain yield results are from Table 2 
* and ** Significantly different from the recurrent parent at the 5% and 1% level, 
respectively. 
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somewhat inferior, to the recurrent parent. The high-yielding iso-
lines were the most efficient water-users, which agrees with the re­
sults of Anderson and Read (1966). The Tp, Ps, SLW, and PT means for 
X550I indicate that not enough products of photosynthesis were chan­
nelled into producing larger seeds to overcome its reduced number of 
spikelets per panicle. Yield-component data was not taken for X469II, 
so measurements on physiological traits of flag leaves could not be 
related to grain yield per panicle. However, note that X469II and 
C.I. 8044 were quite similar for all physiological traits and grain 
yield. 
All midseason isolines had means for physiological traits of 
flag leaves that resulted in less production of photosynthates and 
less yield per panicle. The recurrent parent yielded more grain per 
panicle because of its high Ps and PT and low Tp and SLW values. 
However, X270I and X447 outyielded C.I. 7555 on a unit area basis 
because they produced more panicles per plant. Interestingly, X270I 
and X447 maintained nearly equal grain yields per panicle, but for 
different reasons. X270I had values for Ps, Tp, SLW, and PT that 
resulted in number of spikelets per panicle and 100-seed weights only 
slightly reduced from the recurrent parent. On the other hand X447 
produced a significantly reduced number of spikelets per panicle but 
a significantly increased 100-seed weight. None of the means for the 
physiological traits of flag leaves of X117 was superior to C.I. 7555, 
with the result that it had a reduced yield per panicle. This, coupled 
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with the fact that X117 had little advantage in tillering over the 
recurrent parent, resulted in low grain yields for X117. Unfortu­
nately, yield-component data were not collected for X423. This iso­
line was very high yielding, but its CO^ exchange rate and water-use 
efficiency was significantly lower than that of the recurrent parent. 
The high SLW indicates that feedback inhibition may have caused the 
low photosynthetic rate. There is evidence that the rate of flag 
leaf photosynthesis of small grains varies in response to changes in 
demand for assimilates (Criswell and Shibles, 1972; Evans and Rawson, 
1970; King et al., 1967). More data is needed to evaluate why X423 
was high yielding. 
There appears to be some association between physiological traits 
of flag leaves of oat lines and grain yielding ability, if the flag-
leaf traits are related to grain yield per panicle. The lines with 
high yields per panicle were high yielding on a unit area basis if 
they had favorable tillering abilities. 
If photosynthetic rates of flag leaves should prove to be repre­
sentative of rates for all leaves on oat culms, my results would have 
added meaning. However, Lawes and Treharne (1971) have indicated that 
photosynthetic differences of flag leaves may not be expressed by 
seedling leaves. Thus, in order to more fully understand how photo­
synthetic rates are related to grain yields within a series of cultivars, 
more traits should be measured. In addition to measuring CO^ ex­
change rates of individual leaves, CO^ exchange rates of panicles should 
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be determined, for there is evidence (Jennings and Shibles, 1968) that 
photosynthesis in the panicles may account for over 60 percent of the 
grain weight in oats. Studies should be conducted on leaf areas and 
leaf area duration for different oat lines, and these data should be 
related to light penetration into the leaf canopy. Canopy photosyn­
thesis studies would be useful, because they provide an assessment of 
the total photosynthetlc rate per unit area of land, the same basis on 
which grain yield is measured. Crop cultivars with high single leaf 
photosynthetlc rates may have mediocre canopy photosynthetlc rates 
due to mutual shading of leaves. Leaf angle may also be important in 
canopy photosynthesis (Pearce et al., 1967), since this trait also 
effects the light penetration into the canopy. 
Differences in the characters measured in this study have physio­
logical, biochemical, and anatomical explanations= Differences in 
photosynthetlc rates were associated with differences in mesophyll 
and stomatal resistances to CO^ diffusion. Differences in stomatal 
frequencies probably did not influence the photosynthetlc rate dif­
ferences, but stomate responsiveness may have been involved (Miskin 
et al., 1972). Perhaps, as suggested by Bjorkman (1968) and Warsing 
et al. (1968), the differences in net photosynthesis were caused by 
varying enzyme activities in the leaves. Mesophyll resistance is in 
part a biochemical resistance, so differences in activities of an 
enzyme(s) involved in the photosynthetlc process should be apparent in 
mesophyll resistances of the isolines and recurrent parent. Bjorkman 
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(1968) has attributed differences in leaf photosynthetic rates to 
differential ribulose diphosphate carboxylase activities. The enzyme 
hypothesis for closely related lines is attractive, for enzymes and 
their activities can be influenced by single alleles. Mesophyll re­
sistance is also a physical resistan.ee, so factors other than enzymes 
may be involved. SLW differences may be due to differences in leaf 
thickness or to slow translocation. Differences in transpiration 
rates can be attributed to differences in stomate frequencies, stomate 
responsiveness (Miskin et al., 1972), or to differing resistances to 
water transport in the roots (Boyer, 1971). 
The results on physiological traits of flag leaves that I found 
have some value in an oat breeding program. In addition to being 
associated with increases in two yield components, the crown-rust re­
sistance allele from C.I. 8079 also is associated with desirable pro­
ductivities for several flag-leaf physiological traits. Likewise, 
favorable flag-leaf traits were associated with the crown rust resistance 
allele from C.I. 7171 crossed into the early background to produce 
X541. Using the crown-rust resistance loci as markers, the high photo-
synthetic rates of C.I. 8079 and C.I. 7171 could be backcrossed into 
high yielding cultivars that currently have low photosynthetic rates. 
Additionally, using X434II and X541 as parents, these favorable 
physiological and morphological traits could be incorporated into a 
breeding population from which improved cultivars could be selected. 
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Studies on the genetic control of photosynthesis indicate that its 
inheritance is quantitative, but that relatively few genes are involved 
(Izhar and Wallace, 1967; Hiesey et al., 1968), so any single trait 
associated with the process of photosynthesis should be rather easily 
transferable. However, the degree of expression of the transferred 
trait may depend upon the genotype into which it is placed. 
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GROWTH ANALYSIS EXPERIMENTS 
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INTRODUCTION 
In previous experiments, I have shown that yield-components and 
physiological traits of flag leaves can partially explain yield varia­
tions among isolines of oats. Numerous studies have emphasized the 
importance of post-anthesis assimilation contributing to grain yield; 
additionally, growth processes throughout the whole life cycle must in­
fluence yield to some extent. The vegetative phase may have important 
direct effects on yield by influencing number and size of panicles and 
spikelets. Finally, grain yield depends upon the size, duration, and 
photosynthetic activity of all tissues contributing to plant growth, 
and on how photosynthates are partitioned between vegetative and grain 
development. 
Methods used to quantify components of crop growth, originally 
developed by Gregory (1917), Blackman (1919), and Briggs et al. (1920), 
are collectively known as "growth analysis." Growth analysis involves 
the calculation of various growth functions from measurements of dry 
weight and leaf area taken at regular intervals throughout plant growth. 
The objectives of this section were to show the growth of isolines 
and recurrent parents in terms of dry weight and leaf area throughout 
the growth cycle, and to relate variations in these patterns and growth 
functions derived from them to differences in grain-yielding ability. 
Following are the growth functions that I calculated and a brief descrip­
tion of them: 
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1) Growth rate (GR) - Also referred to as crop growth rate 
(GR), GR is defined as the increase of plant weight per 
unit of time. 
2) Relative growth rate (RGR) - The relative growth rate of a 
plant is the increase of plant weight per unit of plant 
weight present per unit of time. 
3) Leaf area ratio (LAR) - Leaf area ratio is the ratio of 
leaf area to total plant weight. 
4) Net assimilation rate (NAR) - Net assimilation rate, de­
fined as the rate of increase of dry matter per unit area 
of leaf surface, is an approximate measure of leaf photo-
synthetic efficiency. 
5) Leaf area duration (LAD) - LAD is the longevity of leaf 
area. 
6) Leaf weight duration (LWD) - The LWD refers to the longevity 
of leaf weight. 
7) Flag leaf area duration (FLAD). 
8) Flag leaf weight duration (FLWD). 
9) Leaf weight ratio (LWR) - The LWR is the ratio of leaf 
weight to total plant weight. 
10) Specific leaf weight (SLW). 
11) Specific leaf weight of flag leaves (SLWFL). 
1 
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REVIEW OF LITERATURE 
Most studies on growth analysis have focused on one or a few 
growth parameters- Buttery and Buzzell (1972) detected significant 
cultivar differences in mean net assimilation rate (NAR), relative 
growth rate (RGR), leaf area ratio (LAR), and specific leaf weight (SLW) 
among 21 soybean (Glycine max (L.) Merr.) cultivars grown in five field 
tests over three years. Only LAR and SLW differed among another group 
of 23 cultivars. Comparisons of progenies with their parents showed 
that selection for yield and other agronomic traits had resulted in 
increased NAR and SLW, decreased LAR, leaf area (LA), and total plant 
weight (TPWT), and no change on RGR. A greenhouse study by Khan and 
Tsunoda (1970b) showed variation in TPWT, LAR, RGR, LA, leaf weight 
(LWT), and NAR among 20 strains of Triticum and Aegilops from different 
ploidy levels and growth habits. They also analyzed six commercially 
cultivated Pakistani wheats (Triticum aestivum L.) and observed that 
the high yielding semi-dwarf, Mexi-Pak, had the lowest RGR and the 
lowest LAR. Mexi-Pak also exhibited a lower TPWT and LA than the 
other cultivars at the same number of days after planting. 
LA, LAR, and RGR differences among dry bean cultivars (Phaseolus 
vulgaris L.) have been reported by Wallace and Munger (1966). High 
LA and LAR were associated with the higher seed yield, but the same 
association was not present for two pea bean cultivars. Across 11 
cultivars, they failed to find a single physiological trait significantly 
correlated with seed yield. 
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Berdahl et al. (1972) used Isogenic small- and large-leafed lines 
with similar net photosynthetic rates per unit leaf area to study the 
relationship of leaf area and yield in barley (Hordeum vulgare L.)« 
Large-leaf lines produced significantly higher kernel weights but had 
lower grain yields because they had reduced tillering. Presumably 
small-leaf size resulted in better light penetration of the plant 
canopy, which enhanced development of more seed-bearing culms. 
Gardener et al. (1964) showed that the primary difference between 
three high- and three low-yielding barley cultivars in Ontario, Canada 
was due to leaf type. High-yielding ones had narrow, upright leaves 
while low-yielding ones had wide, floppy leaves. The same group 
(Tanner et al., 1966) showed that wheat, oats, and barley cultivars 
highest in grain yield also had small, upright leaves. High yields 
were attributed to reduced competition for light, a consistent observa­
tion that light is often limiting in crop canopies (Monteith, 1965). 
There is evidence that grain yield of cereals is related to leaf 
area available after ear emergence (Thorne, 1966). Watson et al. 
(1963) observed that winter wheat had twice the leaf area of spring 
wheat until ear emergence but yielded only 14 percent more grain, 
presumably because its leaf area duration was 17 percent greater than 
that of spring wheat. Voldeng and Simpson (1967) reported a high, 
positive correlation between flag leaf area and grain yield in seven 
closely related wheat lines. A study with a greater number of lines 
(Simpson, 1968) produced similar results. 
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Flag leaf studies in barley have verified the conclusion of 
Thorne (1966). Yap and Harvey (1972), in a field study of all possible 
crosses among seven diverse barley cultivars, showed that flag leaf 
area was highly associated with grain yield per plant. Frey-Wyssling 
and Buttrose (1959) and Porter et al. (1950) corroborated these re­
sults. Additionally, Welbank et al. (1966) showed duration of flag 
leaf area to be highly associated with yield in barley. 
Early conclusions were that NAR was approximately the same for 
all crop species (Heath and Gregory, 1938), but recent studies show 
that NAR differences do exist both among and within species (Watson, 
1952; Buttery and Buzzell, 1972). A predominant number of intra-
specific studies, however, have shown little or no difference in NAR. 
Watson (1947) found no differences in NAR between three winter-wheat 
cultivars, and Quinlan and Sagar (1965) found the same for two spring 
wheats. Lupton (1961) observed significant NAR differences between 
winter and spring wheats, but he detected no differences among winter 
wheats. 
In a field experiment with three barley cultivars, Watson et al. 
(1958) found no differences in NAR before ear emergence, but a green­
house study with the same lines revealed differences. Jenkins (1964) 
measured NAR of three oat varieties and observed small, nonsignificant 
differences. Cannell (1967) measured NAR's in diverse cultivars of 
wheat, oats, and barley representing differing grain yields. No dif­
ferences existed for NAR between barley cultivars. Significant 
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differences existed between cultivars of wheat and of oats, but these 
differences were not associated with grain yield. Stoskopf et al. 
(1966) also measured NAR in oats and showed that the higher-yielding 
Rodney had a significantly lower NAR than the lower-yielding Clintland 
60. 
The literature indicates numerous reports of significant cultivar 
differences in photosynthetic rates determined by gas exchange methods, 
but cultivar differences in photosynthesis determined by growth analysis 
techniques (NAR) are few. Probable reasons for these varying results 
are that NAR includes weight gain due to mineral uptake as well as 
COg fixation and is influenced by shading within the canopy. Most 
gas exchange measurements have been made on one or a few unshaded 
leaves or heads, thus plant morphology and light penetration effects 
are not included. 
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METHODS 
Experiments for growth analysis were grown at Ames, Iowa, in 1972 
and 1973 in soils highly suited for oat growth. Each was arranged in 
a randomized complete-block design with three replicates. Planting 
dates were April 16, 1972 and April 23, 1973. Plots were tractor 
planted in 8-row plots, with 30 cm between rows that were 2.4 m long. 
At approximately eight-day intervals throughout the growing season, 
10 culms were randomly selected from each of the second, third, sixth, 
and seventh rows of each plot. Because cultivar tillering abilities 
were determined in the yield-component experiments, tillers were not 
included in this study. Harvested plants were placed in paper bags, 
packed in ice, and transported to a refrigeration room to maintain 
the leaves turgid. First, leaf blades were removed and their areas 
measured. In 1972, leaf areas were measured with an electronic plani-
meter, but in 1973, they were measured by Stoy's (1965) method of 
using trapezoids and triangles. I attempted to measure only green 
leaf areas that had deep green coloration, but this appeared to bias 
results somewhat. Next, leaves and stems were dried at 80°C for 24 
hours and weighed, after which panicle weights were measured for all 
harvests after anthesis. Nine harvests (Table 21) were made each year. 
Growth functions were calculated using the following formulae 
of (Radford, 1967): 
Table 
Harvei 
numbe: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Days a 
plant 
23 
31 
39 
47 
55 
63 
71 
79 
87 
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1972 and 1973 growth analysis harvest dates. 
Date 
Days after 
planting 
Harvest 
number Date 
May 20 34 1 May 16 
May 28 42 2 May 24 
June 3 48 3 June 1 
June 10 55 4 June 9 
June 17 62 5 June 17 
June 24 69 6 June 25 
July 2 77 7 July 3 
July 9 84 8 July 11 
July 18 96 9 July 19 
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® ° %+l - S/day 
RGR = (log^ - logg W )/(t^^^ - t^), g/g/day 
NAR = (W^i - W^) (log^ - loge " \) 
- t^), g/dm^/day 
LAR = 1/2(A /W -+ A /w ), cm^/g 
n n n+1 n+1 
^ 9 
LAD = Z A^, cm 
i = 1 
n 
LWD = Z W^, g 
i = 1 
LWR = 1/2(LW^/W^ + LVl^Vl^' 8/8 
SLW = 1/2 (LW /A + LW /A , g/cmf 
n n n+1 n+1 
where W = plant weight, A = leaf area, LW = leaf weight, t = time in 
days, and n = harvest number. 
All parameters are means (thus, GR actually is GR, etc.)» and all 
plot values are means of 10 culms. Radford (1967) listed several 
necessary assumptions to calculate accurate values for growth functions. 
Basically, the relationships between A and t, between W and t, and 
between A and W must be known^ and graphs of line means for all traits 
were made to insure that these assumptions were met. 
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Using the A vs. t, W vs. t, and A vs. W relationships along with 
the oat growth cycle presented by Frey et al. (1973), I divided the 
growth cycle into four approximate phases: 
1) Vegetative phase (Veg) - Means for the first four harvests. 
2) Vegetative phase and reproductive phase (Veg + Repro) -
Means for harvests through heading. (A plot was considered 
headed when one-half of its heads were emerged from the 
boot.) 
3) Grain filling - Means from the first harvest after heading 
through the eighth harvest. 
4) Whole cycle - Means from all harvests except the last. 
Analyses for individual and combined experiments were similar to 
those used in the yield-component and flag-leaf studies. 
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RESULTS 
Early lines 
Growth curves and functions from the early-isoline experiments in 
1972 and 1973 are presented in Figures 1 through 11 and in Tables 22 
through 26. In both years there was little divergence among isolines 
and recurrent parent in stem weight, leaf weight, and total plant 
weight (TPWT) during the first four to six harvests, but thereafter, 
divergent trends became evident. X550I, the low-yielding isoline, 
declined earlier in dry matter accumulation for all three weight 
fractions (i.e., stem, leaf, and panicle weights) than did the recurrent 
parent and other isolines, and the final weight for this isoline was 
lowest for all six weight-year combinations. X469II, which had a 
grain yield similar to C.I. 8044, was fairly similar to the recurrent 
parent for all weight-year combinations in both weight trends and final 
weights. Interestingly, stem weight, leaf weight, and total plant 
weight of the recurrent parent were higher than those of the isolines 
at the seventh harvest in both years. The high yielding isolines, X434II 
and X541, exhibited the higher total-plant and panicle weights during 
the final two harvests in both years, but the stem and leaf weights 
of these isolines were similar to those of the recurrent parent. This 
indicates that late in the growth cycle X434II and X541 were channelling 
a greater proportion of assimilates into the panicles than were the other 
isolines. 
Fig. 1. Trends In stem weight (g per 10 culms) of the early lines grown in 
1972 (harvests 1 through 9). 
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Fig. 2. Trends in stem weight (g per 10 culms) of the early lines grown in 1973 
(harvests 1 through 9). 
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Fig. 3. Trends in leaf weight (g per 10 culms) of the early lines grown in 1972 
(harvests 1 through 9). 
LE
AF
 W
EI
GH
T 
t G
/i
oc
uL
MS
 i 
.
00
 
0.
80
 
1.
60
 
2.
40
 
3.
20
 
1 
1 
1 
1 
1 
LEAF WEIGHT VS OATS 
CIBO^y A 
X43tn + 
XSMtl X 
X55DI 
XWBSn 4-
on 
3 
1 i 1 1 1 1 
. 0 0  y.00 5.0 0  6 . 00 7.00 8.00 9.00 
OATS AFTER PLANTING cxio» ) 
o N) 
Fig. 4. Trends in leaf weight (g per 10 culms) of the early lines grown in 
1973 (harvests 1 through 9). 
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Fig. 5. Trends in total plant weight (g per 10 culms) of the early lines grown 
in 1972 (harvests 1 through 9). 
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Fig. 6. Trends in total plant weight (g per 10 culms) of the early lines grown 
in 1973 (harvests 1 through 9). 
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Fig. 7. Trends in panicle weight (g per 10 culms) of the early lines grown in 
1972 (harvests 5 through 9). 
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Fig. 8. Trends in panicle weight (g per 10 culms) of the early lines grown in 
1973 (harvests 5 through 9). 
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Fig. 9. Trends in leaf area (cm per 10 culms) of the early lines grown In 1972 
(harvests 2 through 8). 
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Fig. 10. Trends in flag leaf area (cm per 10 culms) of the early lines grown 
in 1972 (harvests 4 through 8). 
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Fig. 11. Trends in flag leaf area (cm per 10 culms) of the early lines grown 
in 1973 (harvests 4 through 6). 
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Table 22. GR (g/day, 10 plants), RGR (g/g/day, 10 plants), and grain yield (g/plot) 
of the early lines grown in 1972 and 1973. 
Combined 1972 Combined 
1972 1973 and 1973 1972 1973 1972 and 1973 
GR GR GR RGR RGR RGR Grain 
(whole (whole (whole (whole (whole (whole yield^ 
Line cycle) cycle) cycle) cycle) cycle) cycle) 
C.I. 8044 0.611 0.471 0.541 0.055 0.057 0.056 512 
X434II 0.688 0.548 0.618 0.059 0.064 0.061* 553** 
X541 0.715 0.564 0.640* 0.061 0.065 0.063* 537** 
X550I 0.504 0.434 0.469 0.052 0.054 0.053 452** 
X469II 0.612 0.494 0.552 0.054 0.054 0.054 516 
LSD (.05) 0.1506 0.1333 0.0812 0.0077 0.0086 0.0049 17.2 
CV (%) 12.78 12.94 12.92 7.31 7.80 7.58 7.87 
^Grain yields are from Table 2. 
^Significantly different from the recurrent parent at the 5% level. 
**Significantly different from the recurrent parent at the 1% level. 
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Table 23. 
2 
NAR (g/dm /day, 
the early lines 
10 plants) and grain yield 
grown in 1972 and 1973. 
(g/plot) for 
Line 
1972 
NAR 
(veg) 
1973 
NAR 
(veg) 
Combined 
mean 
NAR 
(veg) 
Grain 
yield 
C.I. 8044 0.123 0.069 0.096 512 
X434II 0.115 0.065 0.090 553** 
X541 0.149 0.066 0.107 537** 
X550I 0.154 0.071 0.112 452** 
X469II 0.129 0.073 0-101 516 
LSD (.05) 0.050 0.0077 0.0230 17.2 
CV (%) 19.62 6.00 18.59 7.87 
^Grain yields are from Table 2. 
^^Significantly different from the recurrent parent at the 1% 
level. 
2 
Table 24. LAR (cm /g, 10 plants) and grain yield (g/plot) of the early lines grown in 
1972 and 1973. 
LAR LAR LAR 
LAR (veg + (grain (whole Grain 
Year Line (veg) repro) filling) cycle) yield 
C.I. 8044 91. 37 78. 59 22. 04 51. 75 
X434II 98. 23 84. 42 24. 41 56. 05 
X541 89. 13 78. 69 23. 45 51. 60 
X550I 84. 52 72. 78 20. 55 47. 96 
X469 95. 74 82. 14 22. 92 54. 13 
LSD (.05) 14. 597 11. 055 2. 027 6. 544 
CV (%) 8. 45 7. 40 4. 75 6. 65 
C.I. 8044 175. 01 147. 33 25. 60 125. 21 
X434II 184. 64 155. 51 28. 12 132. 46 
X541 180. 67 151. 33 25. 16 127. 50 
X550I 174. 83 146. 10 25. 22 124. 96 
X469II 169. 18 142. 25 24. 11 120. 83 
LSD (.05) 15. 85 12. 524 4. 507 9. 214 
CV (%) 4. 76 4. 48 9. 34 3. 88 
^Grain yields from Table 2 are given for combined years. 
Table 24 (continued) 
Year Line 
LAR 
(veg) 
LAR 
(veg + 
repro) 
LAR 
(grain 
filling) 
LAR 
(whole 
cycle) 
Grain 
yield 
C.I. 8044 133.19 112.96 23.82 88.48 512 
1972 X434II 141.43 119.96 26.26 94.25 553** 
& X541 134.90 115.07 24.30 89.55 537** 
1973 X550I 129.67 109.44 22.88 86.46 452** 
X469II 132.46 112.20 23.52 87.48 516 
LSD (.05) 9.932 7.630 5.361 3.846 17.2 
CV (%) 6.02 5.51 4.76 7.68 7.87 
**SignifIcantly different from the recurrent parent at the 1% level. 
Table 25. LAD (cm^), LWD (g), FLAD (cm^), FLWD (g), SLWFL (g/cm^), SLW (g/cm^) and grain 
yield (g/plot) of the early lines grown in 1972 and 1973. (Leaf traits are 
means of 10 plants.) 
LAD LWD FLAD FLWD SLWFL SLW 
(whole (whole (grain (grain (grain SLW (veg + Grain^ 
Year Line cycle) cycle) filling) filling) filling) (veg) repro) yield 
C.I. 8044 3415.37 19.602 409.03 2. 594 0. 657 0.394 0.433 
X434II 3596.30 19.510 417.74 2. 455 0. 603 0.426 0.456 
X541 3399.82 18.917 444.55 2. 682 0. 662 0.425 0.444 
X550I 3023.21 17.926 393.62 2. 632 0. 722 0.428 0.470 
X469II 3460.88 18.104 412.72 2. 642 0. 659 0:413 0.454 
LSD (.05) 296.477 4.0642 71.785 0. 3078 0. 1027 0.0791 0.0631 
CV (%) 4.67 11.47 9.18 6. 28 8. 26 10.07 7.42 
C.I. 8044 2098.74 15.075 296.72 0.351 0.390 
X434II 2191.52 14.274 248.47 0.326 0.368 
X541 2094.05 15.063 291.16 0.340 0.386 
X550I 2173.88 14.036 300.38 0.327 0.373 
X469II 2199.53 14.519 274.34 0.345 0.381 
LSD (.05) 250.330 1.4242 69.886 0.0284 0.0270 
CV (%) 6.18 5.18 13.15 4.47 3.78 
*Grain yields from Table 2 are given for combined years. 
Table 25 (continued) 
Year Line 
LAD 
(whole 
cycle) 
LWD 
(whole 
cycle) 
FLAD 
(grain 
filling) 
FLWD 
(grain 
filling) 
SLWFL 
(grain 
filling) 
SLW 
(veg) 
SLW 
(veg + 
repro) 
Grain 
yield^ 
C.I. 8044 2757.06 17.339 352.88 0.373 0.411 512 
1972 X434II 2892.48* 16.892 333.11 0.376 0.412 553** 
& X541 2746.93 16.990 367.86 0.383 0.415 537** 
1973 X550I 2598.55** 15.981 347.00 0.378 0.422 452** 
X423 2830.21 16.312 343.53 0.379 0.418 516 
LSD (.05) 98.637 1.7967 45.305 0.0376 0.0313 17.2 
CV (%) 5.28 9.68 10.78 8.36 6.20 7.87 
*Significantly different from the recurrent parent at the 5% level. 
**Significantly different from the recurrent parent at the 1% level. 
Table 26. LWR (g/g, 10 plants) and grain yield (g/plot) of the early lines grown in 
1972 and 1973. 
Year 
1972 
1973 
LWR LWR LWR 
LWR (veg + (grain (whole 
Line (veg) repro) filling) cycle) 
C.I, 8044 0.418 0.378 0.131 0.275 
X434II 0.452* 0.409* 0.139 0.295** 
X541 0.450* 0.407* 0.134 0.292* 
X550I 0.408 0.370 0.127 0.267 
X469II 0.440 0.400* 0.142* 0.291 
LSD (.05) 0.0259 0.0207 0.0099 0.014 
CV (%) 3.17 2.79 3.92 2.63 
G.I. 8044 0.607 0.525 0.131 0.368 
X434II 0.599 0.521 0.131 0.365 
X541 0.610 0.527 0.134 0.372 
X550I 0.564* 0.486 0.132 0.348 
X469II 0.579 0.499 0.119 0.349 
LSD (.05) 0.0354 0.0305 0.0222 0.0227 
CV (%) 3.18 3.16 9.14 3.34 
Grain 
yield 
^Grain yields from Table 2 are given for combined years. 
^Significantly different from the recurrent parent at the 5% level. 
**Significantly different from the recurrent parent at the 1% level. 
Table 26 (continued) 
Lm LWR LWR 
LWR (veg + (grain (whole Grain 
Year Line (veg) repro) filling) cycle) yield^ 
C.I. 8044 0.512 0.452 0.131 0.322 558 
1972 X434II 0.526 0.465 0.135 0.330 578** 
& X541 0.530 0.467 0.134 0.332 576** 
1973 X550I 0.486 0.428 0.129 0.308 532** 
X469II 0.510 0.449 0.130 0.320 583** 
LSD (.05) 0.0377 0.0343 0.0217 0.0269 16.5 
CV (%) 3.22 3.06 6.93 3.11 6.70 
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For all lines, trends in the latter harvests influenced panicle 
weight (Figures 7 and 8). The panicle growth of X550I tapered off 
earlier than the recurrent parent and other isolines; consequently it 
exhibited the lowest weight per 10 panicles in both years. During 
both years X469II attained a relatively high panicle weight at harvest 
8, but it lost considerable weight from the eighth to the ninth harvest, 
so its final panicle weight was no better than the recurrent parent. 
Yield-component measurements were not collected on line X469II, but be­
cause the panicle weights and grain yields of X469II and C.I. 8044 were 
similar, they apparently did not differ in tillering ability. In both 
years, X541 had heavy panicles, which was contrary to it having a low 
calculated grain yield per panicle (Table 20). Apparently, X541 pro­
duced panicles with a considerable proportion of their weight in the 
rachis and panicle branches. Panicles of X434II weighed the same as 
those of the recurrent parent, so its high calculated grain yield per 
panicle (Table 20) implied that this strain channelled proportionally 
more of its photosynthates into seeds and less into the rachis and 
panicle branches. 
Total leaf area and flag leaf area trends in Figures 9, 10, and 
11 show that X434II, the highest yielding isoline, had a high leaf-
area duration (Table 24). X541, the other high yielding isoline, had 
a high leaf-area duration, but it tapered off more rapidly during 
late growth. Flag leaf areas (Figures 10 and 11) showed substantial 
fluctuation in 1972 but consistency in 1973. There was a positive 
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association of GR with RGR and grain yield (Table 22), but it was 
obvious that NAR was not associated with grain-yielding ability. 
A large LAR per culm throughout all phases of growth (Table 24), 
a high LAD (Table 25 and Figure 9), and increased tiller production 
per plot (Table 20), provided X434II with a large leaf area for 
light Interception and photosynthate assimilation. The leaf weight 
duration (LWD) of X434II was virtually the same as that of the re­
current parent (Table 25); considering this and its high LAD in­
dicates that X434II translocated assimilates efficiently. Flag 
leaves of X434II also exhibited good translocation efficiencies 
(Table 25). The specific leaf weight of X434II flag leaves was also 
low (Table 25), which agrees with results of the flag leaf physio­
logical study (Table 11). The large leaf area of X434II possessed 
substantial weight per unit leaf area during early growth (note the 
SLW's in Table 25), and additionally, the leaf weight per unit plant 
weight (LWR) of X434II was significantly higher than C.I. 8044 (Table 
26).  
Clearly, the pattern of growth of X434II throughout its growth 
cycle contributed significantly to its increased yielding ability. 
Individually, there were few significant differences between X434II 
and C.I. 8044, but the cumulative effect of individual differences 
for all traits resulted in superior grain yield for X434II. X434II 
partitioned proportionately more of its early assimilates into producing 
large, reasonably, heavy leaves which provided for increased panicle 
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and spikelet production. Despite forming large leaves, the developing 
panicles remained predominant as "sinks". In the latter stages of growth, 
leaves of X434II were very efficient in translocating assimilates to the 
panicles. The leaf area increase of X434II was not apparent for flag 
leaves, but these leaf blades were excellent in translocation efficiency, 
and their relatively small areas facilitated good light penetration into 
the canopy. 
Similarly, yielding abilities of other isolines can be assigned 
by sequentially observing their growth patterns in the graphs and 
tables. Briefly, X541 had a significantly larger GR and RGR (Table 
22) than its recurrent parent, but its significant increase in grain 
yield, GR, and RGR were not achieved through increased LAR (Table 24), 
leaf area (Figure 9), or LAD (Table 25) as was the case for X434II. 
The growth characters primarily responsible for the yield increase of 
X541 were flag leaf-area duration (FLAD) and leaf-weight ratio (LWR) 
(Tables 25 and 26). Leaf area (Figure 9) and photosynthesis means 
(Table 20) and LWR trends indicate that during early growth, X541 
channelled a large proportion of photosynthetic products into producing 
leaves that were relatively small, thick, and capable of high photo-
synthetic rates. The photosynthates apparently were translocated from 
leaves efficiently as the growing season progressed, for the LWR 
differential between C.I. 8044 and X541 was not maintained during grain 
filling. X541 apparently achieved its grain yield increase through 
increased tillering ability (Tables 5 and 7) so the photosynthates 
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may have enhanced the development of more mature panicles. The FLAD, 
FLWD, and SLWFLivalues of X541 (Table 25), together with a significant 
increase in flag leaf photosynthetic rate (Table 20) indicate that 
average grain yield per panicle should have been higher than it was 
(Table 20), but X541 probably accumulated these assimilates in the 
rachis and panicle branches. 
X550I was low yielding baecause it was deficient or no better than 
the recurrent parent in attributes contributing to grain-yielding 
ability. In addition to its poor stem and leaf weight production through­
out the growing cycle (Figures 1 through 10) its GR, RGR, LAR, LAD, 
LWD, FLAG, and LWR means were mediocre to poor (Tables 22, 24, 25, and 
26). The high flag-leaf SLW (Table 25) of X550I was also observed in 
the flag-leaf experiment (Table 11). X469II was similar to the re­
current parent for most growth-analysis parameters. This similarity 
of trait expression between C.I. 8044 and X469II was also noted in the 
flag-leaf physiological study, 
Midseason Lines 
Growth curves and functions for the midseason-isoline experiments 
in 1972 and 1973 are presented in Figures 12 through 23 and Tables 
27 through 31. In general, the midseason lines showed greater similarity 
in growth functions for the two growing seasons than did the early 
lines. Also, less variability was noted for grain yields of midseason 
isolines (Table 2) among the two years. 
Fig. 12. Trends in stem weight (g per 10 culms) of the midseason lines grown 
in 1972 (harvests 1 through 9). 
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Fig. 13. Trends in stem weight (g per 10 culms) of the midseason lines grown in 
1973 (harvests 1 through 9). 
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Fig. 14. Trends in leaf weight (g per 10 culms) of the early lines grown in 
1972 (harvests 1 through 9). 
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Fig. 15. Trends in leaf weight (g per 10 culms) of the midseason lines grown in 
1973 (harvests 1 through 9). 
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Fig. 16. Trends in total plant weight (g per 10 culms) of the midseason lines 
grown in 1973 (harvests 1 through 9). 
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Fig. 17. Trends in total plant weight (g per 10 culms) of the midseason lines grown 
in 1973 (harvests 1 through 9). 
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Fig. 18. Trends in panicle weight (g per 10 culms) of the midseason lines grown 
in 1972 (harvests 5 through 9). 
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Fig. 19. Trends in panicle weight (g per 10 culms) of the raidseason lines 
grown in 1973 (harvests 1 through 9). 
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Fig. 20. Trends in leaf area (cm per 10 culms) of the midseason lines grown in 
1972 (harvests 2 through 8). 
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Fig. 21. Trends in leaf area (cm per 10 culms) of the midseason lines grown 
in 1973 (harvests 2 through 8). 
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Fig. 22. Trends in flag leaf area (cm per 10 culms) of the midseason lines grown 
in 1972 (harvests 4 through 8). 
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Fig. 23. Trends in flag leaf area (cm per 10 culms) of the midseason lines grown 
in 1973 (harvests 4 through 7). 
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Table 27. GR (g/day, 10 plants), RGR (g/g/day, 10 plants) and grain yield (g/plot) of 
the midseason lines grown in 1972 and 1973. 
Combined 1972 Combined 
1972 1973 and 1973 1972 1973 1972 and 1973 
GR GR GR RGR RGR RGR Grain 
(whole (whole (whole (whole (whole (whole yield 
Line cycle) cycle) cycle) cycle) cycle) cycle) 
C.I. 7555 0.759 0.555 0.657 0.066 0.066 0.066 558 
X270I 0.760 0.518 0.639 0.063 0.066 0.064 578** 
X447 0.741 0.531 0.636 0.061 0.069 0.065 576** 
X117 0.663 0.471 0.567 0.062 0.065 0.063 532** 
X423 0.723 0.457 0.590 0.061 0.063 0.062 583** 
LSD (.05) 0.2556 0.1144 0.1151 0.0105 0.0106 0.0064 16.5 
CV (%) 18.62 11.99 17.03 8.90 8.55 8.72 6.70 
^Grain yields are from Table 2. 
**Significantly different from the recurrent parent at the 1% level. 
Table 28. NAR (g/dm^/day, 10 plants) and grain yield (g/plot) for the early lines grown in 
1972 and 1973. 
Line 
1972 
NAR 
(veg) 
1973 
NAR 
(veg) 
Combined 
1972 and 
1973 
NAR 
(veg) 
Grain 
yield^ 
(g/plot) 
C.I. 7555 0.135 0.054 0.094 558 
X270I 0.135 0.054 0.095 578** (+3.5)^ 
X447 0.113 0.054 0.083 576** (+3.2) 
X117 0.118 0.064 0.089 532** (-4.7) 
X423 0.109 0.060 0.085 583** (+4.4) 
LSD (.05) 0.0442 0.0123 0.0209 16.5 
CV (%) 19.23 11.58 19.29 6.70 
^Grain yields are from Table 2. 
^Percent difference from the recurrent parent. 
**Significantly different from the recurrent parent at the 1% level. 
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Table 29. LAR (cm /g, 10 plants) and grain yield (g/plot) of the inidseason lines grown 
in 1972 and 1973. 
LAR LAR LAR 
LAR (veg + (grain (whole Grain 
Year Line (veg) repro) filling) cycle) yield^ 
C.I. 7555 100.46 87.11 24.58 57.10 
X270I 88.97 79.82 26.51 53.28 
X447 105.22 89.88 25.22 59.51 
X117 100.82 87.60 25.45 57.75 
X423 97.50 85.16 27.21 57.33 
LSD (.05) 25.189 19.660 4.558 12.501 
CV (%) 13.57 12.16 9.38 11.65 
C.I. 7555 198.13 171.23 34.85 128.15 
X270I 200.78 174.20 34.95 129.71 
X447 205.87 176.95 30.82 130.85 
X117 197.80 171.09 31.91 126.71 
X423 202.94 174.58 32.14 129.74 
LSD (.05) 20.934 16.715 4.984 12.263 
CV (%) 5.53 5.11 8.04 5.05 
^Grain yields from Table 2 are given for combined years. 
Table 29 (continued) 
LAR LAR LAR 
LAR (veg + (grain (whole Grain 
Year Line (veg) repro) filling) cycle) yield^ 
C.I. 7555 149.29 129.17 29.71 92.63 558 
1972 X270I 144.87 127.01 30.73 91.49 578** 
& X447 155.54 133.41 28.02 95.18 576** 
1973 X117 149.31 129.35 28.68 92.23 532** 
X423 150.22 129.87 29.68 93.54 583** 
LSD (.05) 13.86 10.842 7.314 3.090 16.5 
CV (%) 8.21 7.47 7.07 8.64 6.70 
**Significantly different from the recurrent parent at the 1% level. 
Table 30. LAD (cm ), LWD (g), FLAD (cm ), FLWD (g), SLWFL (g/cm ), SLW (g/cm') and grain 
yield of the midseason lines grown in 1972 and 1973. (Leaf traits are means 
of 10 plants.) 
Year Line 
LAD 
(whole 
cycle) 
LWD 
(whole 
cycle) 
FLAD 
(grain 
filling) 
FLWD 
(grain 
filling) 
SLWFL 
(grain 
filling) 
SLW 
(veg) 
SLW 
(veg + 
repro) 
C.I. 7555 3887.80 18.71 458.29 2.818 0.636 0.419 0.446 
X270I 3735.23 20.950 416.08 2.812 0.684* 0.416 0.440 
1972 X447 3913.96 21.110 452.45 2.742 0.617 0.406 0.479 
X117 3551.86 20.718 385.75* 2.453 0.652 0.406 0.452 
X423 4070.89 21.789 457.70 2.883 0.643 0.438 0.461 
LSD (.05) 406.818 3.6361 54.266 0.355 0.0477 0.0925 0.070 
CV (%) 5.61 9.36 6.62 6.87 3.92 11.78 8.11 
C.I. 7555 2737.64 18.364 371.46 0.326 0.361 
X270I 2703.62 17.274 397.74 0.319 0.348 
1973 X447 2680.30 17.704 370.15 0.321 0.356 
X117 2680.82 17.174 334.59 0.328 0.355 
X423 2821.08 17.881 384.57 0.316 0.350 
LSD (.05) 309.010 2.1453 109.738 0.0323 0.0328 
CV (%) 6.02 6.45 15.68 5.33 4.92 
Grain-
yield 
^Grain yields from Table 2 are given for combined years. 
*Significantly different from the recurrent parent at the 5% level. 
Table 30 (continued) 
LAD LWD FLAD FLWD SLWFL SLW 
(whole (whole (grain (grain (grain SLW (veg + Grain 
Year Line cycle cycle) filling) filling) filling) (veg) repro) yield 
C.I. 7555 3312.72 18.578 414.88 0.373 0.404 558 
1972 X270I 3219.25 19.012 406.91 0.367 0.394 578** 
& X447 3297.30 19.407 414.94 0.364 0.418 576** 
1973 X117 3116.34 18.929 360.17* 0.367 0.404 532** 
X423 3445.98 19.835 421.13 0.377 0.406 583** 
LSD (.05) 237.316 1.9507 53.240 0.0411 0.0326 16.5 
CV (%) 5.84 8.28 11.39 9.96 7.13 6.70 
**Signlficantly different from the recurrent parent at the 1% level. 
Table 31. LWR (g/g, 10 plants) and grain yield (g/plot) of the midseason lines grown 
in 1972 and 1973. 
LWR LWR LWR 
,LWR (veg + (whole Graina 
Year Line (veg) repro) filling) cycle) yield 
C.I. 7555 0.470 0.426 0.154 0.312 
X270I 0.406* 0.379 0.153 0.280* 
X447 0.454 0.424 0.165 0.309 
X117 0.447 0.414 0.156 0.301 
X423 0.473 0.428 0.158 0.315 
LSD (.05) 0.0491 0.0417 0.0213 0.0274 
CV (%) 5.79 5.34 7.19 4.79 
C.I. 7555 0.637 0.573 0.199 0.418 
X270I 0.632 0.569 0.190 0.411 
X447 0.657 0.586 0.183 0.420 
X117 0.643 0.573 0.182 0.412 
X423 0.633 0.566 0.188 0.411 
LSD (.05) 0.0301 0.0221 0.0151 0.0151 
CV (%) 2.49 2.05 4.26 1.94 
^Grain yields from Table 2 are given for combined years. 
*Significantly different from the recurrent parent at the 5% level. 
Table 31 (continued) 
Year Line 
LWR 
(veg) 
LWR 
(veg + 
repro) 
LWR 
(grain 
filling) 
LWR 
(whole 
cycle) 
Grain, 
yield^ 
C.I. 7555 0.554 0.499 0.177 0.365 558 
1972 X270I 0.519 0.474 0.172 0.346 578** 
& X447 0.555 0.505 0.174 0.345 576** 
1973 X117 0.545 0.494 0.169 0.357 532** 
X423 0.553 0.497 0.173 0.363 583** 
LSD (.05) 0.0398 0.0292 0.0148 0.0254 17.2 
CV (%) 3.96 3.59 5.67 3.28 7.87 
**Significantly different from the recurrent parent at the 1% level. 
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For most traits X270I was mediocre in its performance relative to 
the recurrent parent, C.I. 7555. In both years, its final panicle . 
weight was low (Figures 18 and 19), which agrees with its low calculated 
grain yield per panicle (Table 20). An exception to its mediocrity was 
leaf weight ratio (LWR) (Table 31). Although X270I was approximately 
the same as C.I. 7555 in LA, LAD, LWD, FLAD, and FLWD (Figures 19 and 
20 and Table 30), its LWR was substantially lower, indicating that 
X270I effectively translocated assimilates out of the leaves. Pre­
sumably, the assimilates were translocated into stems, but they did 
not accumulate there because the stem weight of X270I was no greater 
than that of C.I. 7555 (Figures 12 and 13), so the assimilates may 
have been translocated into developing tillers. This agrees with the 
yield-component analysis (Tables 5 and 8), which indicated that the 
grain yield increase of X270I was attributable to increased tillering 
ability. 
During latter stages of growth, X447 was high for almost all 
traits (Figures 12 through 23). In both years, its final panicle 
weight was greater than C.I. 7555 (Figures 18 and 19), but its cal­
culated grain yield per panicle was lower (Table 20)- As with its 
counterpart in the early background, X541, X447 probably produced a 
heavy rachis and panicle branches. 
Growth functions (Tables 27 through 31) gave few, if any, in­
dications of physiological traits causing X447 to yield more grain than 
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C.I. 7555. However, remember that Frey and Browning (1971) reported 
little difference between grain yields of X447 and its recurrent parent. 
Growth functions of X117 showed that it should be low yielding be­
cause, for most characters, it was lower than C.I. 7555 (Tables 27, 29 
30 and 31). It was significantly lower for only FLAD, so the signi­
ficant yield reduction of X117 must have been caused by the accumula­
tion of a series of moderately unfavorable levels of trait expression. 
XA23 was somewhat erratic. In both years, it was average for all 
traits until the seventh or eighth harvest; thereafter its behavior 
in the two years differed. In 1972, X423 was highest at the last 
harvest for all six year-growth curve combinations, but in 1973, it 
was average for all traits at the final harvest (Figures 12 through 23). 
Thus, in 1972, X423 was high-yielding because it did not exhibit the 
characteristic decline in dry matter production at the end of the 
growing season, but in 1973, its dry matter decline was similar to that 
of all lines. On the average, most growth function means for X423 
were similar to the recurrent parent (Tables 27 through 31). Despite 
the tendency to partition proportionately more of its assimilates into 
leaf growth (Table 30), there was no indication that X423 effectively 
translocated its assimilates out of the leaves during later growth and 
development. These results, together with the absence of yield component 
data and the inconclusiveness of the flag leaf physiology results, make 
reasons for increased grain-yielding ability of X423 unanswerable. As 
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with the early isolines, NAR values of the midseason lines appeared to 
have little relationship to yield. 
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DISCUSSION 
Ultimately, differences in grain yield and yield component ex­
pressions among oat cultivars and isolines should be attributable to 
the size and/or efficiency of photosynthetic organs and translocation 
functions. 
Herein, a sequential analysis of growth curves and functions de­
rived from them, provided information by which differences in yield com­
ponent and grain yield expressions among isolines could be interpreted. 
The fact that I was able to delineate growth parameters that could ex­
plain yield differentials among isolines was especially encouraging 
because growth-analysis experiments were conducted in only two environ­
ments, where yield-component experiments were conducted in five environ­
ments and yield trials were conducted in seven. CV's for many growth-
analysis parameters were under 10%, suggesting that growth-analysis 
studies need not be conducted as extensively as grain yield trials. If 
further studies on segregating populations of oats show that one or 
several growth parameters are consistently correlated with grain-
yielding ability and that their heritabilities are sufficiently high 
such traits may be useful in selection programs, especially for early 
generation testing. At this point, my results may be more pracLically 
applied to a backcrossing program than to a conventional single or 3-
way crossing scheme. Regardless, my results show that growth analysis 
techniques should aid the plant breeder in selecting parental lines 
for hybridization programs. 
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As in the yield component and flag leaf physiological experiments, 
Avena sterilis germplasm (C.I. 8079) expressed a number of favorable 
trends in the early background genotype, but not in the midseason back­
ground. As indicated earlier, segregation patterns of Jondle (1974) 
indicated that the resistance gene from C.I. 8079 is probably linked 
to a single "yield" locus or block of loci acting as a single cross­
over unit. 
Trends in my results relate to earlier work. In the early back­
ground, high grain yields were associated with high LAD's, LAR's, 
GR's, and RGR's, which agrees with results reported by Watson et al. 
(1963) and Wallace and Munger (1966). FLAD's in both backgrounds did 
not appear to influence grain yields to the extent that those in the 
studies of Frey-Wyssling and Buttrose (1959), Porter et al. (1950), 
Voldeng and Simpson (1967), Simpson (1968), Welbank et al. (1966) 
and Yap and Harvey (1972) did, but rather strongly agree with data of 
Tanner et al. (1966) and Monteith (1965). Lack of NAR-grain yield 
relationships in this study agreed with results of Jenkins (1964), 
Cannell (1967), Watson (1947) and Quinlan and Sagar (1965). 
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SUMMARY 
My experiments provided physiological and morphological explana­
tions for the existence of a yield differential among various isoline-
recurrent parent comparisons in both early and midseason backgrounds. 
Determining yield-component expressions of isolines and recurrent 
parents gave direct morphological evidence for the grain-yield dif­
ferential. Applying results of the flag-leaf and growth-analysis ex­
periments to the developmental sequence of yield component formation 
provided reasons for isoline-recurrent parent yield-component and 
grain-yield differences. 
Alleles on the chromosomal segments adjacent to the crown-rust 
reaction loci from the donor parents probably caused the physiological 
and morphological expressions of the isolines to differ from the re­
spective recurrent parents. The crown-rust resistance alleles apparently 
were closely linked to alleles influencing various physiological and 
morphological characters which ultimately affect grain yield. In the 
case of C.I. 8079, the expression of the physiological and morphological 
characters associated with the same crown-rust resistance gene varied 
in the two background genotypes. Using the resistance alleles as 
genetic markers should provide the plant breeder with a good source of 
alleles for increasing grain yield in his adapted lines and breeding 
populations. 
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APPENDIX 
Table 32. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-primary seed weight in experiment 76 grown at Sutherland. 
Mean squares 
Degrees of Panicles Spikelets per 100-seed 100-primary 
Source of variation freedom per plot panicle weight seed weight 
Replicates 2 35.54 7.13 0.0052 0.006 
Lines 7 21.21 31.33** 0.3650** 0.3701** 
Between maturity groups 1 20.17 164.12* 2.3313** 2.4067** 
Among early lines 3 12.89 12.84* 0.0215 0.0225 
Among midseason lines 3 29.89 5.57 0.0531* 0.0388 
Error 14 17.88 2.96 0.0136 0.0106 
Between maturity groups 2 18.09 6.81 0.0189 0.0082 
Among early lines 6 27.14 2.96 0.0151 0.0131 
Among midseason lines 6 8.56 1.69 0.0104 0.0090 
*Significant at the 5% level. 
**Signlficant at the 1% level. 
Table 33. Line means, least significant difference (LSD) values, coefficients of variation 
(CV), and calculated grain yields of the yield component traits in experiment 76 
grown at Sutherland in 1970. 
Panicles Spikelets Calculated 
per per 100-seed 100-primary grain 
Line plot panicle weight seed weight yield 
C.I. 8044 65.7 24.3 3.10 3.93 100.0 
X434II 66.3 (+1.0)b 25.7 (+5.6) 3.25 (+4.7) 3.77 (-4.0) 111.7 
X541 61.7 (-6.1) 24.4 (+0.4) 3.30 (+6.4) 3.97 (+1.0) 100.3 
X550I 65.0 (-1.0) 20.8 (-14.2) 3.25 (+4.6) 3.86 (-1.9) 88.8 
LSD (.05) 10.41 3.44 0.246 0.2283 
CV (%) 8.06 7.22 3.81 2.94 
C.I. 7555 66.3 30.4 2.58 3.14 100.0 
X270I 71.0 (+7.0) 29.0 (-4.6) 2.51 (-2.5) 3.18 (+1.4) 99.5 
X447 • 64.7 (-2.5) 27.2 (-10.6) 2.80 (+8.6) 3.40 (+8.3) 94.7 
X117 64.0 (-3.5) 29.5 (-3.1) 2.52 (-2.2) 3.28 (+4.4) 91.4 
LSD (.05) 5.84 2.60 0.204 0.190 
CV (%) 4.40 4.47 3.92 2.92 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle x 
100-seed weight) are expressed as a percent of the recurrent parent. 
^Percent difference between an isoline and its recurrent parent. 
Table 34. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-primary seed weight in experiment 78 grown at Ames. 
Mean squares 
Degrees of Panicles Spikelets per 100-seed 100-primary 
Source of variation freedom per plot panicle weight seed weight 
Replicates 2 27.38 2.90 0.0079 0.0202 
Lines 7 47.42* 35.91** 0.2129** 0.1958** 
Between maturity groups 1 155.04 192.38** 1.2650** 1.0542** 
Among early lines 3 40.31* 13.55* 0.0056 0.0378** 
Among midseason lines 3 18.68 6.13** 0.0695 0.0677** 
Error 14 15.42 1.17 0.0153 0.0028 
Between maturity groups 2 43.04 0.17 0.0007 0.0042 
Among early lines 6 8.22 2.11 0.0152 0.0026 
Among midseason lines 6 13.42 0.55 0.0202 0.0026 
*Signifleant at the 5% level. 
**Significant at the 1% level. 
Table 35. Line means, least significant difference (LSD) values, coefficients of variation (CV), 
and calculated grain yields of the yield component traits in experiment 78 grown at 
Ames in 1970. 
Panicles Spikelets Calculated 
per per 100-seed 100-primary grain 
Line plot panicle weight seed weight yield 
C.I. 8044 66.0 . 23.1 2.99 3.87 100.0 
X434II 67.7 (+2.5)° 23.2 (+0.6) 3.03 (+1.4) 3.77 (-2.4) 104.6 
X541 63.7 (-3.5) 20.6 (-10.6) 2.96 (-0.9) 4.02 (+3.9) 85.5 
X550I 72.3 (+9.6) 18.8 (-18.7) 3.06 (+2.3) 3.99 (+3.1) 91.2 
LSD (.05) 5.73 2.91 0.246 0.102 
CV (%) 4.25 6.80 4.09 1.30 
C.I. 7555 63.0 28.7 2.60 3.45 100.0 
X270I 59.0 (-6.4) 26.5 (-7.9) 2.50 (-3.7) 3.42 (-0.9) 83.0 
X447 65.0 (+3.2) 25.4 (-11.5) 2.74 (+5.4) 3.71 (+7.6) 96.3 
X117 62.3 (-1.1) 27.6 (-3.9) 2.38 (-8.5) 3.38 (-1.9) 87.0 
LSD (.05) 7.32 1.48 0.284 0.102 
CV (%) 5.88 2.74 5.57 1.46 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle x 
100-seed weight) are expressed as a percent of the recurrent parent. 
^Percent difference between an isollne and its recurrent parent. 
Table 35. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-primary seed weight in experiments 76 and 78 grown at 
Sutherland and Ames in 1970. 
Mean squares 
Degrees of Panicles per Spikelets per 100-seed 100-primary 
Source of variation freedom plot panicle weight seed weight 
Rsps/environments 4 46.96 1.61 0.0057 0.0097 
Environments (Env) 1 45.38 34.90** 0.2731** 0.0048 
Lines 3 38.49 24.71** 0.0142 0.0504** 
Env X Lines 3 14.71 1.67 0.0130 0.0099 
Error 12 17.68 2.54 0.0152 0.0078 
Pooled error 15 17.09 2.36 0.0149 0.0082 
Reps/environments 4 15.04 6.90 0.0108 0.0068 
Environments (Env) 1 104.17** 23.50** 0.0145 0.3528** 
M^ Lines 3 4.28 11.46** 0.1151** 0.0922 
Env X Lines 3 44.28 0.24 0.0075 0.0143 
Error 12 10.99 1.12 0.0153 0.0058 
Pooled error 15 
— — 
0.94 0.0138 
^Early lines. 
^Midseason lines. 
*Signlficant at the 5% level. 
**Significant at the 1% level. 
Tàble 37. Line means, least significant difference (LSD) values, coefficients of variation (CV), 
and calculated grain yields of the yield component traits in experiments 76 and 78 
grown at Sutherland and Ames in 1970. 
Panicles Spikelets Calculated 
per per 100-seed 100-primary grain 
Line plot panicle weight seed weight yield^ 
C.I. 8044 65.8 23.7 3.05 3.90 100.0 
X434II 67.0 (+1.8)0 24.4 (+3.2) 3.14 (+3.1) 3.77 (-3.2) 108.3 
X541 62.7 (-4.8) 22.5 (-5.0) 3.13 (+2.8) 3.99 (+2.4) 93.0 
X550I 68.7 (+4.3) 19.8 (-16.4) 3.15 (+3.5) 3.92 (+0.6) 90.3 
LSD (.05) 5.09 1.89 0.149 0.112 
CV (%) 6.37 7.06 3.95 2.27 
C.I. 7555 64.7 29.6 2.59 3.30 100.0 
X270I 65.0 (+0.5) 27.5 (-6.2) 2.51 (-3.1) 3.30 (+0.2) 91.4 
X447 64.8 (+0.3) 26.3 (-11.1) 2.77 (+7.0) 3.56 (+7.9) 95.4 
X117 63.2 (-2.3) 28.6 (-3.4) 2.45 (-5.4) 3.33 (+1.1) 89.3 
LSD (.05) 12.22 1.19 0.144 0.220 
CV (%) 5.15 3.77 4.80 2.26 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle 
X 100-seed weight) are expressed as a percent of the recurrent parent. 
^Percent difference between an isoline and its recurrent parent. 
Table 38. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-prlmary seed weight in experiment 50 grown at Sutherland 
in 1971. 
100-seed 100-primary 
Panicles per plot Spikelets per panicle weight seed weight 
Degrees of Mean Degrees of* Mean Mean Mean 
Source of variation freedom squares freedom squares squares squares 
Replicates 5 45.67 2 14.01 0.0018 0.0063 
Lines 7 149.78** 7 84.71** 0.2624** 0.2371* 
Between maturity groups 1 595.02** 1 529.41* 1.6854* 1.0880* 
Among early lines 3 116.38* 3 6.75* 0.0073 0.1283 
Among midseason lines 3 34.78 3 14.43 0.0433 0.0622* 
Error 35 22.86 14 6.28 0.0107 0.0608 
Between matuirty groups 5 34.47 2 13.01 0.0350 0.0151 
Among early lines 15 26.44 6 1.24 0.0034 0.1318 
Among midseason lines 15 15.41 6 9.06 0.0100 0.0051 
^Degrees of freedom for spikelets per panicle, 100-seed weight, and 100-primary seed 
weight are the same. 
*Significant at the 5% level. 
**Significant at the 1% level. 
Table 39. Line means, least significant difference (LSD) values, coefficients of variation 
(CV), and calculated grain yields of the yield component traits in experiment 50 
grown at Sutherland in 1971. 
Panicles Spikelets Calculated 
per per 100-seed 100-prlmary grain 
Line plot panicle weight seed weight yield 
C.I. 8044 63.7 21.2 2.95 3.54 100.0 
X434II 66.7 (+4.7) 21.5 (+1.6) 2.98 (+1.0) 3.25 (-8.4) 107.4 
X541 64.0 (+0.5) 20.9 (-1.4) 2.96 (+0.4) 3.63 (+2.5) 99.5 
X550I 73.2 (+14.9) 18.3 (-13.9) 3.06 (+3.7) 3.72 (+5.1) 102.6 
LSD (.05) 6.33 2.33 0.1164 0.725 
CV (%) 7.69 5.44 1.95 10.27 
C.I. 7555 57.0 31.7 2.46 3.09 100.0 
X270I 61.8 (+8.5) 31.0 (-2.2) 2.41 (-1.8) 3.05 (-1.5) 104.2 
X447 58.7 (+2.9) 26.7 (-15.6) 2.62 (+6.8) 3.32 (+7.2) 92.8 
X117 61.8 (+8.5) 30.1 (-5.1) 2.34 (-4.8) 2.99 (-3.4) 98.0 
LSD (.05) 4.83 6.02 0.200 0.142 
CV (%) 6.56 10.08 4.06 2.29 
^Calculated grain yields (number of panicles per plant x number of spikelets per panicle x 
100-seed weight) are expressed as a percent of the recurrent parent. 
^Percent difference between an isoline and its recurrent parent. 
Table 40. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-primary seed weight in experiment 53 growm at Ames in 1971. 
100-seed 100-primary 
Panicles per plot Spikelets per panicle weight àeed weight 
Degrees of Mean Degrees of Mean Mean Mean 
Source of variation freedom squares freedom squares squares squares 
Replicates 5 41.37 2 7.93 0.0909 0.0043 
Lines 7 61.21 7 34.43** 0.2708 0.3058** 
Between maturity groups 1 0.52 1 217.44* 1.6017 1.8928** 
Among early lines 3 131.39* 3 5.96* 0.0137 0.0619* 
Among midseason lines 3 11.26 3 1.90 0.0330 0.0207 
Error 35 29.53 14 1.79 0.3237 0.0091 
Between maturity groups 5 76.67 2 5.00 0.0985 0.0098 
Among early lines 15 16.86 6 0.71 0.0086 0.0067 
Among midseason lines 15 26.50 6 2.63 0.0119 0.0115 
^Degrees of freedom for spikelets per panicle, 100-seed weight, and 100-primary seed 
weight are the same. 
^Significant at the 5% level. 
**Slgnifleant at the 1% level. 
Table 41. Line means least significant difference (LSD) values, coefficients of variation 
(CV), and calculated grain yields of the yield component traits in experiment 53 
grown at Ames in 1971. 
Line 
Panicle 
per 
plot 
Spikelets 
per 
panicle 
100-seed 
weight 
100-primary 
seed weight 
Calculated 
grain 
vield^ 
C.I. 8044 
X434II 
X541 
X550I 
LSD (.05) 
CV (%) 
C.I. 7555 
X270I 
X447 
X117 
LSD (.05) 
CV (%) 
65.0 
69.3 (+6.7)" 
74.5 (+14.6) 
74.8 (+15.2) 
5.05 
5.79 
71.3 
72.7 (+1.9) 
69.3 (-2.8) 
71.2 (-0.2) 
6.33 
7.24 
16.3 
16.4 (+0.8) 
15.1 (-7.4) 
13.4 (-17.8) 
1.68 
5.49 
21,8 
20.2 (-7.0) 
21.4 (-1.8) 
22.0 (-1.3) 
3.24 
7.60 
3,34 3.98 100.0 
3,27 (-1.9) 3.82 (-4.0) 105,0 
3.19 (-4,5) 4.17 (+4.7) 101.3 
3.21 (-3.8) 4,04 (+1,4) 90,9 
0,351 0.164 
5,55 2.05 
2,57 100.0 
2,55 (-0.8) 3.44 (+2.4) 94.0 
2,78 (+8,2) 3.56 (+5.9) 103.3 
2.66 (+3.5) 3,41 (+1.6) 102,0 
0.218 0.214 
4,13 3.11 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle x 
100-seed weight) are expressed as a percent of the recurrent parent. 
'^Percent difference between an isoline and its recurrent parent. 
Table 42. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-primary seed weight in experiments 50 and 53 grown at 
Sutherland and Ames in 1971. 
100-seed 100-primary 
Panicles per plot Spikelets per panicle weight seed weight 
Degrees of Mean Degrees of Mean Mean Mean 
Source of variation freedom squares freedom^ squares squares squares 
Reps/Environments 10 58.77 4 5.39** 0.0950 0.0107 
Environments (Env) 1 196.02** 1 158.31** 0.1768** 1.3113** 
Lines 3 191.19 3 12.42** 0.0159 0.1701 
Env X Lines 3 56.58 3 0.29 0.0562 0.0201 
Error 30 21.65 12 0.97 0.0171 0.0693 
Pooled Error - 15 0.84 
— — 
0.0594 
Reps/Environments 10 40.32 4 13.33 0.0181 0.0068 
Environments (Env) 1 1530.02** 1 434.52** 0.2054** 0.6600** 
Lines 3 32.35 3 7.71 0.0630** 0.0702 
Env X Lines 3 13.69 3 8.62 0.0132 0.0127 
Error 30 20.95 12 5.85 0.0110 0.0083 
Pooled Error 33 20.29 15 6.40 0.0114 
degrees of freedom for spikelets per panicle, 100-seed weight, and 100-primary floret weight. 
^Early lines. 
^Nidseason lines. 
**Significant at the 1% level. 
Table 43. Line means, least significant difference (LSD) values, coefficients of variation, 
and calculated grain yields of the yield component traits in experiments 50 and 53 
grown at Sutherland and Ames in 1971. 
Panicles Spikelets Calculated 
per per 100-seed 100-primary grain 
Line plot panicle weight seed weight yield* 
G.%. 8044 64.3 . 18.6 3.14 3.76 100.0 
X434Ii 68.0 (+5.7)G 19.0 (+1.3) 3.12 (-0.7) 3.54 (-6.1) 107.3 
X541 69.2 (+7.6) 18.0 (-4.0) 3.08 (-2,2) 3 90 (+3.7) 101.1 
X550I 74.0 (+15.0) 15.8 (-15.6) 3.13 (-0.3) 3.88 (+3.1) 97.4 
LSD (.05) 9.77 1.13 0.436 0.300 
CV (%) 6.75 5.52 4.25 6.98 
C.I. 7555 64.2 26.7 2.52 3.23 100.0 
X270I 67.3 (+4.8) 25.6 (-4.2) 2.48 (-1.3) 3.24 (+0.5) 99.2 
X447 64.0 (-0.3) 24.0 (-10.0) 2.70 (+7.5) 3.44 (+6.5) 96.5 
X117 66.5 (+3.6) 26.0 (-2.5) 2.50 (-0.5) 3.20 (-0.8) 100.5 
LSD (.05) 3.74 3.11 0.131 0.207 
CV (%) 6.99 9.45 4.10 2.78 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle 
X lOO-seed weight) are expressed as a percent of the recurrent parent. 
'^Percent difference between an isoline and its recurrent parent. 
Table 44. Mean squares from analyses of variance for panicles per plot, spikelets per panicle, 
100-seed weight, and 100-primary seed weight in experiment 12 grown at Sutherland 
in 1972. 
Source of variation 
Replicates 
Lines 
Between maturity groups 
Among early lines 
Among midseason lines 
Error 
Between maturity groups 
Among early lines 
Among midseason lines 
Paniclas per plot 
Degrees of Mean 
freedom squares 
5 30.09 
7 44.90 
1 88.02* 
3 38.49 
3 36.94 
35 20.49 
5 12.62 
15 22.09 
15 22.91 
Spikelets per panicle 
Degrees of Mean 
freedom^ squares 
2 1.44 
7 90.50** 
1 613.37** 
3 2.27 
3 4.44 
14 2.47 
2 5.48 
6 1.69 
6 2.25 
100-seed 100-primary 
weight seed weight 
Mean Mean 
squares squares 
0.0143 0.0067 
0.4721** 1.0894** 
3.2277** 7.4928** 
0.0144 0.0365 
0.0117 0.0079 
0.0352 0.0226 
0.0322 0.0120 
0.0486 0.0447 
0.0229 0.0041 
^Degrees of freedom for spikelets per panicle, 100-seed weight, and 100-primary seed 
weight are the same. 
*Signifleant at the 5% level. 
**Slgnifleant at the 1% level. 
Table 45. Line means, least significant difference (LSD) values, coefficients of variation 
(CV), and calculated grain yields of the yield component traits in experiment 12 
grown at Sutherland in 1972, 
Panicles Spikelets Calculated 
per per 100-seed 100-primary grain 
Line plot panicle weight seed weight yield^ 
C.I. 8044 53.3 17.6 2.98 4.02 100.0 
X434II 58.2 (+9.1)0 18.8 (+7.0) 2.98 (0.0) 4.14 (+2.9) 1116. 
X541 54.8 (+2.8) 18.4 (+4.7) 3.00 (+0.6) 4.18 (+4.0) 108.3 
X550I 58.5 (+9.7) 16.8 (-4.1) 3.12 (+4.8) 4.29 (+6.6) 110.3 
LSD (.05) 5.60 2.59 0.440 0.422 
CV (%) 8.09 7.25 7.30 5.08 
C.I. 7555 57.2 28.6 2.22 2.98 100.0 
X270I 61.7 (+7.9) 29.1 (+1.6) 2.24 (+0.9) 3.03 (+1.7) 110.6 
X447 60.3 (+5.5) 26.3 (-8.8) 2.35 (+5.6) 3.10 (+4.1) 101.6 
X117 56.5 (-1.2) - 28.0 (-2.2) ,2.33 (+5.0) 3.05 (+2.4) 101.5 
LSD (.05) 5.89 3.00 0.302 0.128 
CV (%) 8.12 5.36 6.62 2.11 
^Calculated grain yields (number of panicles per plot x number of spikelets per panicle x 
100-seed weight) are expressed as a percent of the recurrent parent. 
'^Percent difference between an isoline and its recurrent parent. 
